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To investigate the prognostic impact of circulating microRNAs (miRs) in patients who survived acute
myocardial infarction (AMI), we compared the circulating miR signature at the time of survival discharge
among samples in the serum bank of the Osaka Acute Coronary Insufficiency Study. Using a high-
throughput array consisting of 667 miRs, 11 miRs were found to be differentially expressed in the serum
among patients at high-risk for cardiac death. Real-time RT-PCR confirmed that the serum levels of miR-
155 and miR-380⁄ were approximately 4- and 3-fold higher, respectively, in patients who experienced
cardiac death within 1 year after discharge. Accordingly, a subset of circulating miRs might be predictive
for cardiac death in post-AMI patients.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction diagnosing AMI by receiver operating characteristic curve analysis
MicroRNAs (miRs) are small endogenous noncoding RNAs that
regulate gene expression by targeting the degradation or transla-
tional repression of mRNA. Recently, it has been demonstrated that
circulating miRs in the blood are useful biomarkers for cardiovas-
cular disease [1] as well as certain forms of cancer [2]. For example,
Wang et al. [3] reported that miR-208a is an excellent diagnostic
marker for AMI, as demonstrated by its sensitive detection in
AMI patients within 4 h of the onset of symptoms. The authors also
revealed that miR-208a had high sensitivity and specificity for
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[4]. Kuwabara et al. [5] recently reported that circulating miR-133a
serves as a useful marker for cardiomyocyte death and thus, can be
used for the detection of several cardiovascular diseases, including
acute myocardial infarction (AMI), and unstable angina, and takot-
subo cardiomyopathy.

In patients with malignancy, the usefulness of circulating serum
miRs as markers for prognosis and diagnosis has been established
for several types of cancers. Few reports, however, have examined
the predictive value of serum miRs in the field of cardiovascular
medicine, particularly in the setting of secondary prevention after
AMI. Here, we therefore investigated whether circulating miRs col-
lected during the convalescent stage of AMI could predict cardiac
death in post-AMI patients registered in the Osaka Acute Coronary
Insufficiency Study (OACIS) database.

2. Materials and methods

2.1. OACIS registry

The OACIS is a prospective, multicenter observational study
enrolling consecutive AMI patients in 25 collaborating hospitals
from the Osaka region of Japan, and is registered with the
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Upregulated miRs hsa-miR-134, 
hsa-miR-155, 
hsa-miR-18a,
hsa-miR-192, 
hsa-miR-380* 

Downregulated
miRs

hsa-miR-125a-5p, 
hsa-miR-212, 
hsa-miR-331-3p, 
hsa-miR-223*, 
hsa-miR-190b, 
hsa-miR-93*

Fig. 1. High-throughput array analysis revealed that the levels of 5 miRs were
increased and those of 6 miRs were decreased in the cardiac death group.

Table 1
Baseline characteristics in the discovery phase.

Variable Cardiac death
(N = 7)

Event free
(N = 7)

p
Value

Age (years) 68 ± 8 67 ± 7 0.810
Men (%) 86 71 1.000
Diabetes mellitus (%) 57 29 0.592
Hypertension (%) 83 57 0.559
Dyslipidemia (%) 71 57 1.000
Smoking (%) 57 86 0.559
Previous MI (%) 14 0 1.000
Peak CKP3000 IU/L (%) 14 43 0.559
Killip class P II on admission

(%)
43 43 1.000

Reperfusion therapy (%) 100 100 –
ACEI or ARB (%) 71 67 1.000
Statin (%) 57 67 1.000

ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker,
CPK: creatinine phosphokinase, MI: myocardial infarction.
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University Hospital Medical Information Network Clinical Trials
Registry, Japan (ID: UMIN000004575). A detailed description of
the OACIS has been published elsewhere [6]. The present study
protocol was approved by the ethics committee of each participat-
ing hospital.

2.2. Patients

Among 8603 patients with AMI who were registered in the OA-
CIS between 1998 and 2009, we firstly selected 4160 consecutive
patients fulfilling the following criteria: (1) discharged alive and
(2) provided written informed consent for serum analysis at the
time of registration. Among the selected patients, 60 cardiac deaths
occurred after discharge. In the discovery phase, we randomly se-
lected 7 patients who died of cardiac cause within a year after dis-
charge and another 7 patients who did not experience any
cardiovascular events during a 3-year follow-up period using pro-
pensity score-based matching of age, gender, classical coronary
risk factors, infarction size, reperfusion therapy, and medical treat-
ment at discharge. In the validation phase, we increased the num-
ber of patients in the cardiac death and survival groups to 19 and
21, respectively.

2.3. Serum collection

At each hospital, fasting blood samples were collected into ser-
um separator tubes, which were then centrifuged at 1430g for
15 min at 4 �C to separate the clots. Serum was removed from
the tubes and stored at �80 �C until the time of the assay.

2.4. RNA isolation and miR analysis

Total RNA was isolated from 1 ml of serum using a mirVana
Paris kit (Life Technologies Co., Carlsbad, CA). Reverse transcription
and preamplification steps were performed with a TaqMan Micr-
oRNA RT kit (Life Technologies Co.) and Megaplex Primers (Life
Technologies Co.). To identify miRs that could serve as predictive
markers of cardiac death at 1 year, the expression levels of 667
miRs were compared between groups using TaqMan Human Micr-
oRNA A and B Arrays, version 2.0 (Life Technologies Co.) (discovery
phase). To confirm the results from the discovery phase, the
expression levels of candidate miRs were examined by real-time
PCR using a 7900HT Fast Real-Time PCR system (validation phase).

2.5. Data collection

Research cardiologists and trained research nurses or coordina-
tors recorded data concerning sociodemographic variables, medi-
cal history, therapeutic procedures, and clinical events during
patients’ hospital stays. Clinical data after discharge were obtained
at 3 and 12 months after the onset of AMI, and annually thereafter.
The incidence of cardiac death was the clinical endpoint of the
study.

2.6. Statistical analysis

To adjust for potential confounding factors, we selected two
groups for the discovery and validation phases using a propensity
score-based method. Briefly, a propensity score for cardiac death
within 1 year after discharge was calculated using logistic regres-
sion analysis that included age, gender, diabetes mellitus (DM),
hypertension (HT), dyslipidemia, smoking, previous MI, Killip
class P II at admission, infarction size, reperfusion therapy, and
medication at discharge (ACEI or ARB, and statin) as variables.
For the analysis, we first selected seven patients who died of car-
diac cause within 1 year after discharge and another seven patients
who did not experience any cardiovascular events during a 3-year
follow-up period. We then selected 19 patients who died of cardiac
cause after discharge and 21 patients who did not experience any
cardiovascular events during a 2-year follow-up period. For the
two sets of groups, patient backgrounds were compared using
the v2 test. Expression levels of miRs between the two groups were
analyzed by the Mann–Whitney U test. Associations were consid-
ered significant if the p value was <0.05. All statistical analyses
were performed using SPSS software (SPSS Japan, Inc., Tokyo,
Japan).

3. Results

3.1. Discovery phase

To investigate whether serum miRs could predict prognosis in
the convalescent stage of AMI, we compared circulating miR signa-
tures at the time of survival discharge using the OACIS serum bank.
As shown in Table 1, patient backgrounds were well matched be-
tween patients who died of cardiac cause within 1 year after dis-
charge (N = 7) and those who did not experience any
cardiovascular events during the 3-year follow-up period (N = 7)
in the discovery phase. High-throughput array analysis revealed



Table 2
Baseline characteristics in the validation phase.

Variable Cardiac death (N = 19) Event free (N = 21) p Value

Age (years) 72 ± 12 69 ± 10 0.467
Men (%) 74 76 1.000
Body mass index (kg/m2) 24.4 ± 3.51 23.0 ± 3.50 0.227
Diabetes mellitus (%) 53 62 0.750
Hypertension (%) 83 76 0.702
Dyslipidemia (%) 47 48 1.000
Smoking (%) 53 71 0.328
Previous MI (%) 21 20 1.000
Onset to admission time <24 h (%) 72 75 1.000
Peak CKP3000 IU/L (%) 42 44 1.000
Killip class PII on admission (%) 41 29 0.502
Reperfusion therapy (%) 95 100 0.475
Multivessel disease (%) 63 52 0.538
ACEI or ARB (%) 74 60 0.501
Beta blocker (%) 68 60 0.741
Statin (%) 42 60 0.343
Antiplatelet therapy (%) 95 100 0.487

ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, CPK: creatinine phosphokinase, MI: myocardial
infarction.
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that 11 miRs were differently expressed between the two patient
groups. The identified miRs were selected as initial candidates for
the validation study (Fig. 1).

3.2. Validation phase

In the validation phase (cardiac death group, N = 19; and sur-
vival group, N = 21), real-time RT-PCR confirmed that 2 out of 11
miRs identified in the discovery phase were increased in the car-
diac death group (N = 19) as compared with the survival group
(N = 19). The serum levels of miR-155 and miR-380⁄ were approx-
imately 4- and 3-fold higher, respectively, in the cardiac death
group, whereas the serum levels of the other 9 miRs differentially
expressed in the discovery phase analysis were comparable be-
tween the two groups (Table 2, Fig. 2).

4. Discussion

To our knowledge, this is the first study to investigate whether
circulating miRs are associated with prognosis in the field of car-
diovascular medicine. Specifically, we examined the association
between serum levels of 667 miRs and future cardiac events in
post-AMI patients and found that serum levels of miR-155 and
miR-380⁄ in the convalescent stage of AMI were higher in patients
who subsequently experienced cardiac death in 1 year. Although
further investigation is required to confirm the predictive value
of these miRs, our findings suggest the intriguing possibility that
circulating miRs can serve as prognostic biomarkers for cardiovas-
cular diseases.

MiRs are small endogenous RNAs that play important roles in
animals and plants by targeting mRNAs for degradation or transla-
tional repression [7]. Dysregulation and tissue-specific patterns of
intracellular miR expression have been reported in various dis-
eases, particularly for several types of cancers [8]. In addition, miRs
appear to circulate in the blood in a relatively stable form [9], sug-
gesting that miRs may have biological functions outside the cell
and thus, can potentially serve as diagnostic or prognostic bio-
markers for cancer, as well as therapeutic targets. With regard to
cardiovascular diseases, however, the potential of miRs as diagnos-
tic markers has only recently been proposed [1], and few prognos-
tic features or therapeutic potentials of circulating miRs have been
reported.

In the present study, we found that the serum levels of miR-155
and miR-380⁄ at the time of discharge after AMI were approxi-
mately 4- and 3-fold higher in patients who subsequently died of
cardiac cause within 1 year of discharge than those in patients
who did not experience cardiovascular events during the 3-year
follow-up period.

This observation is of clinical significance, because it indicates
serum miRs have the potential to predict prognosis in patients
with cardiovascular disease, and also suggests that these miRs
have the potential to be directly involved in future treatment ap-
proaches. Unlike studies investigating patients with malignancy
[10], previous studies failed to identify miRs detected in ACS pa-
tients as therapeutic targets, possibly because such miRs were
likely released into the circulation as a result of myocardial
necrosis.

Although the underlying mechanism for the association be-
tween elevated serum levels of miR-155 and the increased risk
for cardiac death after survival discharge of AMI is unclear, several
explanations are possible. For example, Martin et al. [11] recently
demonstrated that miR-155 directly interacts with the 30-untrans-
lated region of angiotensin II type 1 receptor (AT1R) mRNA, there-
by modulating expression of AT1R and angiotensin II-induced
extracellular signal-related kinase 1/2 (ERK1/2) activation. In addi-
tion, the expression levels of miR-155 are increased by angiotensin
II in atherosclerotic cells in vitro (data not shown). This finding sug-
gests that serum miR-155 levels may be increased through activa-
tion of the renin angiotensin system and thus, be associated with
prognosis in post-AMI patients. Another possibility for elevated
miR-155 in serum is as a result of inflammation. Yao et al. [12] re-
ported that miR-155 is processed from BIC, a non-coding transcript
that is highly expressed in both activated B and T cells, and mono-
cytes/macrophages. Therefore, serum miR-155 levels might be in-
creased following activation of monocytes/macrophages, which
could lead to cardiovascular events. Similarly, elevated levels of
serum miR-380⁄ might reflect activation of p53 in failed myocar-
dium, because miR-380-5p is reported to repress p53 expression
via a conserved sequence in the p53 30-untranslated region [13].
As up-regulation of the p53 pathway is one of the major causes
for the development of heart failure in mouse models of pres-
sure-overload and AMI [14], miR-380⁄ might be secreted into the
circulation from p53 up-regulated myocardium as a negative feed-
back loop of the p53 pathway, and thus be associated with progno-
sis after AMI.

Several limitations of this study warrant mention. First, this was
a retrospective analysis using a small sample size of AMI patients
selected from a prospective observational study. Second, our
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Fig. 2. Serum levels of miR-155 and miR-380⁄ were approximately 4- and 3-fold higher, respectively, in the cardiac death group, whereas the serum levels of the 9 other
examined miRs were between the two groups.
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analysis was unable to detect a direct cause-effect relationship
between the elevation of serum miR levels and cardiac death in
post-AMI patients. Due to these limitations, further studies are
warranted to confirm the present results.
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