
Abstract. – OBJECTIVE: Acute myocardial in-
farction (AMI) contributes to be a significant
public health problem, and it is the leading
cause of morbidity and mortality in the world.
However, the molecular mechanisms underlying
AMI is poorly known. The purpose of this study
was to investigate the change of plasma microR-
NA-99a (miR-99a) level in AMI patients and its
potential clinical value.

PATIENTS AND METHODS: Plasma samples
from 54 patients with AMI and 30 healthy volun-
teers were collected. Quantitative real-time PCR
(qPCR) and ELISA assays were used to detect
the expression of circulating plasma miR-99a
and of cardiac troponin I (cTnI)/creatine kinase-
MB (CK-MB), respectively. AMI patients were cat-
egorized into subgroups according to the num-
ber of stenosed coronary vessels, and the asso-
ciation between the plasma miR-99a level and
the severity of AMI was analyzed. The expres-
sion level of miR-99a was also evaluated in pa-
tients receiving percutaneous coronary interven-
tion (PCI).

RESULTS: The expression of miR-99a was sig-
nificantly downregulated in patients with AMI
compared with the normal controls (p < 0.01). In
the AMI patients, miR-99a level had a negative
correlation with cTnI level (r = -0.8202, p < 0.01)
and CK-MB (r = -0.6924, p < 0.01). Also, the ex-
pression of miR-99a was markedly lower in pa-
tients with more stenosed coronary vessels (p <
0.01). The relative expression level of miR-99a in
AMI patients was significantly increased after re-
ceiving PCI (p < 0.01).

CONCLUSIONS: The expression level of plas-
ma miR-99a was remarkably reduced following
AMI and closely associated with the severity of
AMI. Therefore, it was a promising novel diag-
nostic biomarker for AMI.
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Introduction

Acute myocardial infarction (AMI) is the main
complication of cardiovascular diseases with
high morbidity and mortality1. The highest risk
of fatality occurs within the initial hours of onset
of AMI. Therefore, early and correct diagnosis of
AMI is an effective strategy for inhibiting the
progression AMI as well as improving the clini-
cal outcome of the patients2. Cardiac troponin I
(cTnI) and creatine kinase-MB (CK-MB) are
common biomarkers currently used for diagnosis
of AMI in the clinical setting3. However, they are
not sensitive and specific enough as their expres-
sion levels can also increase in patients without
AMI. Thus, it is urgent and important to explore
novel biomarkers for early diagnosis of AMI4.
MicroRNAs (miRNAs) are small non-coding

single-stranded RNA molecules (21-23 nu-
cleotides) which negatively regulate gene expres-
sion by binding to 3’UTR of mRNA and promot-
ing its degradation5,6. miRNAs have been demon-
strated to play crucial roles in various essential bio-
logical processes including, but not limited to, pro-
liferation, survival, migration and differentiation7,8.
In addition, dysregulated expression of miRNAs
contributes to a variety of diseases such as cancer
and cardiovascular diseases9-11. Many studies have
shown that miRNAs are promising biomarkers for
diagnosis and prognosis of AMI.Yao et al12 report-
ed that the expression level of circulating miR-
122-5p was increased in AMI patients compared
with the controls. In addition, it has a positive cor-
relation with cTnI concentration and considerable
diagnostic accuracy for AMI. Similarly, Lv et al13

showed that the expression levels of circulating
miR-208b and miR-34a are associated with left
ventricular remodeling after AMI, indicating that
these two miRNAs could be used to predict the
risk of mortality or heart failure.
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to the levels of U6 snRNA and analyzed via us-
ing the 2-∆∆Ct method. The qPCR primers were
as following:

miR-99a primers
Sense 5 -GGCAAACCCGTAGATCCGA-3
Anti-sense 5 -TCCGTTGGTTGTCCCATAGACT-3
U6 snRNA
Sense 5 -CTCGCTTCGGCAGCACATATACT-3
Anti-sense 5 -ACGCTTCACGAATTTGCGTGTC-3

Plasma cTnI and CK-MB Determination
The concentration of plasma cTnI and CK-MB

were measured by ELISA assay according to the
manufacturer’s protocol (Beckman Coulter,
Fullerton, CA, USA).

Statistical Analysis
All the data were expressed as mean±SEM.

The data of miR-99a, cTnI and CK-MB were
first analyzed by the Kolmogorov-Smirnov test to
evaluate whether they obeyed the normal distrib-
ution. If the data subjected to the normal distribu-
tion, then student’s t-test and the ANOVA are
conducted. Otherwise, Mann-Whitney U test and
two-tailed Kruskal-Wallis tests are used. As all
the data fit the normal distribution, student’s t-
test and ANOVA followed by Tukey’s HSD test
were performed for data analysis in this study.
All statistical analyses were performed using
SPSS 21.0 software (SPSS Inc., Chicago, IL,
USA). Differences were considered as significant
at p < 0.05.

Results

Plasma miR-99a was Reduced in
AMI Patients
The qRT-PCR results showed that the expres-

sion level of plasma miR-99a was significantly
decreased in patients with AMI compared with
the normal controls (p < 0.01) (Figure 1).

Correlation of Plasma miRNA-99a with
cTnI and CK-MB
The results revealed that a significant negative

correlation was found between plasma miR-99a
and cTnI (r= -0.8202, p < 0.01). Similar findings
were detected between the expression level of
miR-99a and CK-MB (r = -0.6924, p < 0.01)
(Figure 2).

MiR-99a seems to play an important role in
cardiomyogenesis. Kehle et al14 showed that the
expression level of plasma miR-99a was signifi-
cantly upregulated in patients with congenital
heart defects, indicating miR-99a is involved in
cardiac malformation and may serve as a bio-
marker during fetal development. In addition,
overexpression of miR-99a attenuated ventricu-
lar remodelling, cardiac hypertrophy and im-
proved cardiac performance after myocardial in-
farction, suggesting miR-99a might involve in
the pathogenesis of AMI15,16. Therefore, the pur-
pose of this study was to investigate the expres-
sion level of plasma miR-99a in AMI patients
and then evaluate its potential clinical signifi-
cance.

Patients and Methods

Study Population and Sample Collection
54 patients with AMI and 30 healthy volun-

teers were recruited into the study. The investiga-
tion was approved by the Ethics Committee of
the Tianjin First Center Hospital, and written in-
formed consent was obtained from all partici-
pants. The diagnosis of AMI was confirmed by
emergency coronary angiography or laboratory
analyses. The healthy controls have no clinical
manifestation or medical history of cardiovascu-
lar diseases.
Up to 5 mL of venous blood was drawn with

EDTA from each participant. The plasma fraction
was prepared immediately by centrifugation at
1500 × g for 20 min at 4 °C. Then samples were
divided into aliquots in cryovials and stored at -
80°C until total RNA extraction.

Quantitative Real-time PCR(qPCR)
Total RNA was isolated from 200 L plasma

samples using Trizol Reagent (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer in-
structions. Primescript RT Regent Kit (Takara,
Dalian, China) was used to convert the RNA into
first strand cDNA. Real-time PCR was per-
formed using SYBR Premix DimerEraser
(Takara) and on a 7500 Real-time PCR System
(Applied Biosystems, Foster City, CA, USA).
The amplification conditions were as follows:
95°C for 12 min, followed by 40 cycles of 94°C
for 15 s, 55°C for 30 s, and 70°C for 30 s. All re-
actions were performed in triplicate and U6 snR-
NA was used as an internal control. The relative
expressions of plasma miR-99a were normalized
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Figure 1. The expression level of plasma miR-99a in AMI
patients and controls.

Figure 2. A, The correlation between plasma miR-99a level and cTnl (A)/CK-MB (B) concentration.

BA

The Association Between the Number
of Stenosed Coronary Vessels and
Plasma miR-99a Expression Level in
Patients with AMI
Thirty-seven of fifty-four AMI patients had re-

ceived coronary angiography. These 37 patients
were divided into three subgroups based on the
number of stenosed coronary vessels (n = 1, 2, or
3). The results showed that the expression level
of plasma miR-99a was significantly lower in
AMI patients with a greater number of stenosed
coronary vessels than those with less stenosed
coronary vessels (all p < 0.01) (Figure 3).

Plasma miR-99a was Increased After
Percutaneous Coronary Intervention
(PCI)
Thirty of fifty-four patients underwent emer-

gency PCI. As shown in Figure 4, the relative ex-

pression level of plasma miR-99a in AMI pa-
tients was significantly increased after receiving
PCI (p < 0.01).

Discussion

AMI occurs when blood stops flowing proper-
ly to a part of the heart, and the heart muscle is
injured because it is not receiving enough oxy-
gen. AMI causes approximately two million
deaths annually worldwide. Early detection of
AMI plays a crucial role in determining the
course of treatment to preserve and prevent fur-
ther damage to the myocardial tissues17. The ex-
isting biomarkers for AMI diagnosis, including
CK-MB, myohemoglobin (MYO), cTnI, and N-
terminal pro-brain natriuretic peptide (NT-proB-
NP), have limited specificity and sensitivity.
Therefore, there is an urgent need for identifying
novel biomarkers that can guide AMI patient
management at an early stage. In recent years
aberrant expression of miRNAs has been associ-
ated with the initiation and development of AMI.
In addition, these small molecules show great
promise for AMI diagnosis18,19.
Our results showed that the expression level of

plasma miR-99a was significantly decreased in
patients with AMI in comparison with the
healthy volunteers, and it had a negative correla-
tion with plasma cTnI and CK-MB concentra-
tions. In addition, plasma miR-99a level was as-
sociated with the severity of AMI. Moreover, the
expression level of plasma miR-99a in AMI pa-
tients was remarkably upregulated after receiving
PCI. Our data suggested that plasma miR-99a
was reduced in AMI patients and it might be a
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promising biomarker for AMI diagnosis. To the
best of our knowledge, this is the first work to re-
veal the clinical value of plasma miR-99a in
AMI. Consistent with our study, Dong et al20

compared the expression of miRNAs among the
infarcted, non-infarcted and border area of rat
hearts at 6 h after AMI, the expression level of
tissue miR-99a was significantly downregulated
in infarcted and border area compared with the
non-infarcted area. Wang et al21 profiled genome-
wide miRNAs that differentially expressed be-
tween in a cohort of AMI patients and non-AMI
patients. The expression level of miR-99a was re-
markably reduced in the heart tissues derived
from patients with AMI.

The AMI patients with more stenosed coro-
nary vessels had lower plasma miR-99a level.
The possible underlying reason is that normal
expression of miR-99a is important for main-
taining normal heart function, thus reduced
miR-99a expression was a poor indicator of
AMI. Li et al15 reported that ectopic expression
of miR-99a in pressure-overloaded heart could
preserve the myocardial structure, reduce my-
ocardial fibrosis and apoptosis, attenuate car-
diac hypertrophy and improve cardiac function.
The research group also demonstrated that miR-
99a overexpression contributed to better both
cardiac function and survival ratio by inhibiting
cell apoptosis and increasing autophagy via an
mTOR/P70/S6K signaling pathway16. Further-
more, Coppola et al22 showed that miR-99a/let-
7c cluster, located on human chromosome 21,
was involved in the control of cardiomyogenesis
by changing epigenetic factors, indicating miR-
99a plays an important role in regulating car-
diac development. Therefore, it is reasonable to
speculate that the synthesis and secretion of
miR-99a that derived from cardiac muscle cells
might be significantly decreased following
AMI.
However, there are some limitations of our

study. Firstly, the clinical sample size was rela-
tively small. Further research is necessary to pro-
vide more evidence to elucidate the clinical sig-
nificance of plasma miR-99a in early detection of
AMI. Secondly, investigations should be con-
ducted to reveal the molecular mechanism of
miR-99a in regulating pathogenesis of AMI.

Conclusions

The plasma miR-99a level is reduced in pa-
tients with AMI and serves as an indicator of the
severity of this deadly disease, indicating plasma
miR-99a might be a promising diagnostic bio-
marker for AMI.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) FERREIRA GM, CORREIA LC, REIS H, FERREIRA FILHO CB,
FREITAS F, FERREIRA GM, JÚNIOR I, OLIVEIRA N,
GUIMARÃES AC. Increased mortality and morbidity

S.-Y. Yang, Y.-Q. Wang, H.-M. Gao, B.Wang, Q. He

Figure 3. The association between plasma miR-99a level
and number of stenosed coronary vessels.

Figure 4. The expression level of plasma miR-99a after re-
ceiving PCI.



due to acute myocardial infarction in a public hos-
pital, in Feira de Santana, Bahia. Arq Bras Cardiol
2009; 93: 97-104.

2) WANG GK, ZHU JQ, ZHANG JT, LI Q, LI Y, HE J, QIN
YW, JING Q. Circulating microRNA: a novel poten-
tial biomarker for early diagnosis of acute myocar-
dial infarction in humans. Eur Heart J 2010; 31:
659-666.

3) BABUIN L, JAFFE AS. Troponin: the biomarker of
choice for the detection of cardiac injury. CMAJ
2005; 173: 1191-1202.

4) GONG XJ, SONG XY, WEI H, WANG J, NIU M. Serum
S100A4 levels as a novel biomarker for detection
of acute myocardial infarction. Eur Rev Med Phar-
macol Sci 2015; 19: 2221-2225.

5) HE L, HANNON GJ. MicroRNAs: small RNAs with a
big role in gene regulation. Nat Rev Genet 2004;
5: 522-531.

6) BARTEL DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116: 281-297.

7) LENKALA D, LACROIX B, GAMAZON ER, GEELEHER P, IM
HK, HUANG RS. The impact of microRNA expres-
sion on cellular proliferation. Hum Genet 2014;
133: 931-938.

8) HUANG Y, SHEN XJ, ZOU Q, WANG SP, TANG SM,
ZHANG GZ. Biological functions of microRNAs: a
review. J Physiol Biochem 2011; 67: 129-139.

9) SU Y, LI X, JI W, SUN B, XU C, LI Z, QIAN G, SU C.
Small molecule with big role: MicroRNAs in can-
cer metastatic microenvironments. Cancer Lett
2014; 344: 147-156.

10) MCMANUS DD, FREEDMAN JE. MicroRNAs in platelet
function and cardiovascular disease. Nat Rev
Cardiol 2015; 12: 711-717.

11) ZHANG Y, LIU YJ, LIU T, ZHANG H, YANG SJ. Plasma
microRNA-21 is a potential diagnostic biomarker
of acute myocardial infarction. Eur Rev Med Phar-
macol Sci 2016; 20: 323-329.

12) YAO XL, LU XL, YAN CY, WAN QL, CHENG GC, LI YM.
Circulating miR-122-5p as a potential novel bio-
marker for diagnosis of acute myocardial infarc-
tion. Int J Clin Exp Pathol 2015; 8: 16014-16019.

13) LV P, ZHOU M, HE J, MENG W, MA X, DONG S, MENG
X, ZHAO X, WANG X, HE F. Circulating miR-208b

and miR-34a are associated with left ventricular
remodeling after acute myocardial infarction. Int J
Mol Sci 2014; 15: 5774-5788.

14) KEHLER L, BIRO O, LAZAR L, RIGO J JR, NAGY B. Elevat-
ed hsa-miR-99a levels in maternal plasma may
indicate congenital heart defects. Biomed Rep
2015; 3: 869-873.

15) LI Q, XIE J, WANG B, LI R, BAI J, DING L, GU R, WANG

L, XU B. Overexpression of microRNA-99a attenu-
ates cardiac hypertrophy. PLoS One 2016; 11:
e0148480.

16) LI Q, XIE J, LI R, SHI J, SUN J, GU R, DING L, WANG L,
XU B. Overexpression of microRNA-99a attenu-
ates heart remodelling and improves cardiac per-
formance after myocardial infarction. J Cell Mol
Med 2014; 18: 919-928.

17) RAYNER K, DIMMELER S, CALIN GA, THUM T, RAIZMAN
JE, DIAMANDIS EP. Novel biomarkers for acute my-
ocardial infarction: is microRNA the new kid on
the block? Clin Chem 2014; 60: 812-817.

18) SAYED AS, XIA K, YANG TL, PENG J. Circulating mi-
croRNAs: a potential role in diagnosis and prog-
nosis of acute myocardial infarction. Dis Markers
2013; 35: 561-566.

19) RECCHIONI R, MARCHESELLI F, OLIVIERI F, RICCI S, PROCO-
PIO AD, ANTONICELLI R. Conventional and novel di-
agnostic biomarkers of acute myocardial infarc-
tion: a promising role for circulating microRNAs.
Biomarkers 2013; 18: 547-558.

20) DONG S, CHENG Y, YANG J, LI J, LIU X, WANG X,
WANG D, KRALL TJ, DELPHIN ES, ZHANG C. MicroR-
NA expression signature and the role of mi-
croRNA-21 in the early phase of acute myocar-
dial infarction. J Biol Chem 2009; 284: 29514-
29525.

21) WANG Y, PAN X, FAN Y, HU X, LIU X, XIANG M, WANG

J. Dysregulated expression of microRNAs and
mRNAs in myocardial infarction. Am J Transl Res
2015; 7: 2291-2304.

22) COPPOLA A, ROMITO A, BOREL C, GEHRIG C, GAGNEBIN
M, FALCONNET E, IZZO A4, ALTUCCI L, BANFI S, AN-
TONARAKIS SE, MINCHIOTTI G, COBELLIS G. Cardiomyo-
genesis is controlled by the miR-99a/let-7c cluster
and epigenetic modifications. Stem Cell Res
2014; 12: 323-337.

5197

The clinical value of circulating miR-99a in plasma of patients with acute myocardial infarction


