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RESEARCH ARTICLE Open Access

Circulating cardio-enriched microRNAs are
associated with long-term prognosis following
myocardial infarction
Olof Gidlöf1*, J Gustav Smith1,2,3, Kazuma Miyazu1, Patrik Gilje1, Anna Spencer4, Sten Blomquist4 and David Erlinge1

Abstract

Background: Increased levels of cardio-enriched microRNAs (miRNAs) have been described in patients with
myocardial infarction (MI). We wanted to evaluate the diagnostic and prognostic potential of cardio-enriched
miRNAs in patients presenting with a suspected acute coronary syndrome (ACS).

Methods: Cardio-enriched miRNAs (miR-1, miR-208b and miR-499-5p) were measured using real time PCR in
plasma samples from 424 patients with suspected ACS treated in a coronary care unit. miRNAs were assessed for
discrimination of a clinical diagnosis of myocardial infarction and for association with 30-day mortality and
diagnosis of heart failure. Correlation with left ventricular systolic dysfunction as measured by the ejection fraction
(LVEF) was also assessed. To confirm myocardial origin miRNA was measured during coronary artery bypass surgery.

Results: miRNAs were higher in MI patients and correlated with LVEF (p < 0.001). Discrimination of MI was accurate
for miR-208b (AUC = 0.82) and miR-499-5p (AUC = 0.79) but considerable lower than for Troponin T (AUC = 0.95).
Increased miRNA levels were strongly associated with increased risk of mortality or heart failure within 30 days for
miR-208b (OR 1.79, 95% CI = 1.38-2.23, p = 1 × 10-5) and miR-499-5p (OR 1.70, 95% CI = 1.31-2.20, p = 5 × 10-5) but
the association was lost when adjusting for Troponin T. During surgery miR-208b and miR-499-5p was released in
the coronary sinus after cardioplegia-reperfusion to markedly higher levels than in a peripheral vein.

Conclusions: Our findings confirm increased levels of cardio-enriched miRNAs in the blood of MI patients and establish
association of increased miRNA levels with reduced systolic function after MI and risk of death or heart failure.
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Background
MicroRNA (miRNA) is a class of short non-coding
RNA, which function as moderators of gene expression
[1-3]. miRNA binds to complementary sequences in the
3’ untranslated region of mRNA and thereby facilitates
down regulation of gene expression. The expression of
miRNA is in itself subject to tight regulation, both tem-
porally and spatially [4], and some miRNA species are
highly tissue specific [5-7]. Cardio-enriched miRNAs
play a crucial role in cardiac development [8,9] and
have been associated with the development of dilated
cardiomyopathy [10]. In the event of tissue damage or

stress, it is believed that cells release some of their
miRNA content into the circulation [11-14]. The fact
that most miRNA species are remarkably stable and
readily detectable in blood makes them excellent candi-
date biomarkers for various diseases, including myocar-
dial infarction and heart failure [15-18].
Biomarkers play a central role in the diagnosis and

prognostication in myocardial infarction, but current
biomarkers like creatine kinase MB (CKMB) and cardiac
troponins have several shortcomings, including slow re-
lease patterns [19] or limitations in specificity [20]. The
prospect of using circulating cardio-enriched miRNA as
biomarkers for myocardial infarction has been explored
in several studies [21-24]. However, most studies
conducted thus far have been small and focused on the
acute phase of the disease. We assessed the usefulness of
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three cardio-enriched circulating miRNAs, miR-1, -208b
and -499-5p, previously shown to be elevated in plasma
following myocardial infarction, both for distinguishing
myocardial infarction (MI) from non-MI chest pain in
the acute phase and for long-term prognosis of death
and development of heart failure in a large population of
patients presenting with acute coronary syndrome
(ACS). Moreover, to confirm the myocardial origin of
these miRNAs, we analysed the miRNA content in the
coronary sinus before and immediately after cardioplegia
in patients undergoing coronary artery bypass surgery.

Methods
CABG patient samples
Four patients undergoing coronary artery bypass
grafting (CABG) were included in the study. Patient
characteristics are described in Table 1. Blood samples
were taken from the coronary sinus before and immedi-
ately after cardioplegia. As a control, blood was also
sampled from a peripheral artery immediately after
cardioplegia. Plasma was prepared by centrifugation at
1500*g for 15 minutes and stored at -80°C until analysis.

ACS patient samples
All patients presenting with suspected ACS pain in the
coronary care unit at Skane University Hospital in Lund
were offered to take part in the study. See Table 2 for
patient characteristics. ST-elevation myocardial infarc-
tion (STEMI) diagnosis was based on ECG criteria,
non-STEMI (NSTEMI) on troponin levels together
with clinical symptoms of ischemia. Non-MI was
defined as absence of troponin-elevation and absence of
ST-elevation. A peripheral venous blood sample was
drawn into tubes containing EDTA, plasma was
prepared as described above and stored in liquid nitro-
gen until analysis. 71% of blood samples were taken
within 24 hours, 82% within 48 hours and 93% within 72 -
hours. In 90% of the patients, samples were obtained
after interventional therapy. 95% of patients were treated
with percutaneous coronary intervention (PCI). Left ven-
tricular ejection fraction (LVEF) was assessed with

echocardiography before discharge. Troponin T was
measured using a standard clinical high sensitivy tropo-
nin method. Samples were taken at admission, at 3, 10
and 20 hours. Daily repeated samples were taken until a
peak value had been identified.

Sample preparation and laboratory analysis
Before analysis, plasma samples were thawed on ice and
250 μl aliquots were mixed 1:3 with TRIzol LS (Invitrogen,
Carlsbad, USA). Samples were vortexed for >30 seconds
and total RNA (including miRNA) was isolated using the
miRNeasy kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. cDNA was prepared using
miRCURY LNA Universal cDNA synthesis kit (Exiqon,
Vedbaek, Denmark) according to the manufacturer’s
instructions. Genomic DNA contamination was assessed
with no-reverse transcriptase controls. Quantitative real-
time polymerase chain reaction (qRT-PCR) was carried out
in 10 μl duplicate reactions, using Fast SYBR Green Master
Mix (Applied Biosystems, Carlsbad, USA) with LNA
primer sets (Exiqon) specific for the three human
cardio-enriched miRNAs miR-1 (gene symbol: MIR1,
miRBase accession number: MIMAT0000416) miR-208b
(MIR208A, MIMAT0004960) and miR-499-5p (MIR499A,
MIMAT0002870) as well as the control miRNA miR-17
(MIR17, MI0000071) and 4 μl of 80× diluted cDNA
preparation on a StepOnePlus Real-Time PCR System
(Applied Biosystems). Thermal cycling consisted of an
initial denaturation at 95°C for 20 s, followed by 40
cycles of 95°C for 3 s and 60°C for 30 s. A melt curve
was performed after each PCR. All PCR reactions
yielded a single peak on the melt curve, indicating ac-
ceptable specificity of the primers. No template controls
were added on each plate and in case of amplification
in these wells the plate was rerun. Calibration curves
were run to validate each assay. For miR-1 slope = -3.42,
y-intercept = 40.23, r2 = 0.99, efficiency = 96%, linear
range = 6.55*105 - 40 copies, limit of detection (LOD) = 40
copies, Ct standard deviation at LOD= 0.15, intraassay vari-
ation = 0.03, for miR-208b, slope = -3.38, y-intercept = 38.57,
r2 = 0.98, efficiency = 97.7%, linear range = 2.6*106-10 copies,
LOD =10 copies, Ct standard deviation at LOD= 0.59,
intraassay variation = 0.05, for miR-499-5p slope = -3.37,
y-intercept = 39.43, r2 = 0.97, efficiency = 98%, linear
range = 2.6*106-160 copies, LOD =160 copies, Ct stan-
dard deviation at LOD= 0.11, intraassay variation = 0.04.
When preparing RNA from plasma, the yields are in-

sufficient for proper quantitation with e.g. NanoDrop
[21]. Therefore, equal volumes of RNA preparation, ra-
ther than equal RNA amounts, was used as input in
the cDNA synthesis. Normalization for variations in
RNA input was conducted using miR-17, which is
stable and abundant in plasma and is unaffected by
myocardial damage [21]. In our samples, miR-17 varied

Table 1 CABG Patient characteristics

Characteristic Patient 1 Patient 2 Patient 3 Patient 4

Age 61 84 65 80

Sex M M F M

Diabetes Mellitus Y N N N

Hypertonia Y N Y Y

Smoking C E E E

Preoperative MI Y N N Y

Aortic Valve Stenosis N Y Y N

M = Male, F = Female, Y = Yes, N = No, C = Current smoker, E = Ex-smoker.

Gidlöf et al. BMC Cardiovascular Disorders 2013, 13:12 Page 2 of 9
http://www.biomedcentral.com/1471-2261/13/12



little between patients, with a coefficient of variation
of 5.7%. To confirm that miR-17 was stable across pa-
tient groups a one-way ANOVA was conducted on
raw Ct values and the means did not differ significantly
between groups (p = 0.698). Samples where miR-17 was
not detected were regarded as poor quality RNA and
those patients were excluded from the analysis (n = 10).
The threshold cycle (Ct) was defined manually for each

plate and was set where all assays were in the log linear
phase and the threshold was above background for all
assays. Ct-values > 37 were considered as unspecific
amplification. All samples where miR-1, miR-208b or

miR-499-5p was not detected were given the Ct-value 37
(1% of patients for miR-1, 33% for miR-208b and 24%
for miR-499-5p). To adjust for differences in the amount
of total RNA in each sample, Ct-values were normalized
against miR-17 (ΔCt) and transformed into quantities
using the formula 2-ΔCt. An inter-plate calibrator sample
was used to normalize for run-to-run variation.

Statistical analysis
Plasma miRNA quantity was transformed using the nat-
ural logarithm as the distribution was positively skewed
upon visual inspection. Patients whose blood samples

Table 2 ACS Patient characteristics

Characteristic Distribution total cohort Distribution experienced endpoint Distribution no end-point p

Sample size 407 74 333

Age 65 (11.1) 67.8 (11.8) 64.5 (10.9) 0.02

Men 76.9% 78.1% 76.6% 0.79

Diabetes Mellitus 17.2% 17.8% 17.1% 0.88

Hypertonia 43.5% 52.1% 41.6% 0.10

Current Smoking 24.8% 23.3% 25.1% 0.74

Mean time to sample (hours) 38.4 (32.2) 42.7 (13.7) 38.2 (6.9) 0.28

Diagnosis 0.04

STEMI 42.5% 53.4% 40.1% 0.79

NSTEMI 35.9% 35.6% 35.9%

Non-MI 21.6% 11.0% 24.0%

Unstable angina 63,6% 85.7% 62,5%

Stable angina 21,6% 0% 26.2%

Chest pain 14,8% 14.3% 11.2%

Troponin T (ng/l) 2.55 (3.76) 5.14 (5.25) 1.98 (3.08) <0.0000001

Concurrent therapy

Aspirin 35.1% 34.2% 35.3% 0.79

Beta-adrenergic antagonists 32.4% 56.2% 29.9% 0.05

Ca2+-channel antagonists 17.7% 19.2% 17.4% 0.61

Statins 31.7% 35.6% 30.8% 0.60

ACE inhibitors 17.7% 26.0% 15.9% 0.08

Death within 3 months (%) 1.2% 6.8% 0% 0.000001

LVEF <0.0000001

>50% 62.8% 5.6% 78.7%

40-49% 17.4% 5.6% 21.3%

30-39% 14.5% 67.6% 0%

<30% 4.4% 21.1% 0%

miRNA (ln 2-ΔCt)

miR-1 −2.69 (0.99) −2.58 (1.08) −2.71 (0.97) 0.32

miR-208b −4.59 (2.22) −3.70 (2.38) −4.78 (2.14) 0.0001

miR-499-5p −4.77 (1.80) −4.03 (2.04) −4.93 (1.71) 0.00009

Continuous variables are presented as sample mean and standard deviation. P-values reflect comparisons between “Experienced endpoint” and “No endpoint”
and are derived from Student’s t-tests for continuous variables and from Pearson’s chi-squared tests for frequency distributions. P-values below the threshold for
statistical significance are bolded. STEMI, ST-elevation myocardial infarction; NSTEMI, non ST-elevation myocardial infarction; MI, myocardial infarction; LVEF, left
ventricular ejection fraction.
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had been taken >1 week after admission (n = 5) and
patients whose admission date had not been registered
(n = 2) were excluded from the analysis.
First, the distribution of each miRNA was compared

across patient groups (STEMI, NSTEMI, non-MI)
using one-way analysis of variance (ANOVA). Second,
we determined the ability of miRNA level to discrim-
inate between MI and non-MI patients, using Re-
ceiver Operator Characteristic (ROC) analysis. Third,
we examined the long-term prognostic impact of
elevated miRNA levels. The primary endpoint was
predefined as death within 30 days of hospitalization
(n = 5) or development of heart failure (clinical diag-
nosis (n = 25), an ejection fraction < 40% (n = 65) or
development of cardiogenic shock (n = 2)) during
follow-up. ROC analysis was then used to assess and
compare the prognostic value of miRNAs and Tropo-
nin T using the primary endpoint as state variable.
Finally, correlation of miRNA levels and LVEF and
Troponin T (TnT) was tested using Spearman’s rank
correlation coefficient. All statistical analyses were
performed in SPSS Statistics v.19.0.0 (IBM, Armonk,
USA).

Ethics
All patients gave their informed consent before being
included in the study. The study was approved by the
local ethics committee of Skane University Hospital
and carried out in compliance with the Declaration of
Helsinki.

Results
Circulating miR-208b and miR-499-5p specifically reflect
myocardial damage
To confirm that miR-208b and miR-499-5p are
released directly from the myocardium as a result of
tissue damage, we analysed miRNA levels in the co-
ronary sinus of CABG-patients before and immediately
after cardioplegia (see Figure 1). miR-208b and miR-
499-5p were undetectable in the coronary sinus
before cardioplegia but became readily detectable im-
mediately after. The levels of miR-208b were signifi-
cantly higher in the coronary sinus than in the
periphery after cardioplegia (p < 0.01). For miR-499
-5p, levels were higher in the coronary sinus than in
the periphery but the difference did not reach statis-
tical significance.

Levels of circulating miRNA in ACS patients
A total of 424 patients with suspected ACS were
included and underwent measurement of plasma levels
of miR-1, -208b, and -499-5p. Of these, 17 samples were
excluded due to poor RNA quality (n = 10), excessive
time from admission to sampling (>1 week, n = 5) or

failure to register admission date (n = 2). A majority
(76.2%) of patients were men and the median age was
65 years. 173 patients were diagnosed with STEMI,
146 with NSTEMI and 88 as non-MI. In the non-MI
group, 64% were diagnosed with unstable angina,
22% with stable angina and 14% were defined as
general chest pain. Patient characteristics are
summarized in Table 2. Distributions of each miRNA
across patient groups are shown in Figure 2. The
levels of miR-208b and miR-499-5p were significantly

Figure 1 Circulating miRNA levels in CABG patients. MiRNA levels
relative to miR-17, transformed into quantities using the formula 2-dCt.
Error bars represent standard error of the mean (SEM). N.D. = not
detectable, C.S. = coronary sinus, P.A. = peripheral artery. **p < 0.01.
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higher in both NSTEMI and STEMI patients
compared to non-MI patients (p < 0.001). miR-208b
and -499-5p were also significantly higher in STEMI
than in NSTEMI patients (p < 0.001). The levels of
miR-1 were slightly higher in NSTEMI patients
compared to the non-MI group (p < 0.05).

Diagnosis of myocardial infarction
ROC curves describing the discrimination of patients
diagnosed with MI (n = 319) from non-MI patients
(n = 88) with circulating miRNA levels as well as the
levels of the current cardiac marker Troponin T are
shown in Figure 3.
The best discriminatory characteristics for a miRNA

were observed for miR-208b, with an area under the
ROC curve (AUC) of 0.82. miR-499-5p had an AUC of
0.79 whereas the AUC for miR-1 was 0.57. The current
cardiac marker Troponin T (TnT) had an AUC of 0.95.

Prognosis after myocardial infarction
A total of 74 patients (18%) experienced the primary
endpoint. Plasma levels of miR-208b and miR-499-5p
were associated with the primary endpoint. Odds ratios,
adjusted for age, sex, time from admission to sampling
and calculated per quartile, were 1.79 (95% CI = 1.38-2.33,
p = 1 × 10-5) for miR-208b and 1.70 (95% CI = 1.31-2.20,
p = 5 × 10-5) for miR-499-5p. When adjusting also for
TnT, statistical significance was lost (p = 0.21 for miR-
208b and 0.11 for miR-499-5p, respectively). Figure 4a
depicts the proportion of patients in each quartile that
experienced the primary endpoint. The relative miRNA
levels in each quartile are shown in Figure 4b. In
patients with MI (n = 319), miR-208b and miR-499-5p
were still significantly associated with the primary
endpoint (OR = 1.71, 95% CI = 1.25-2.34, p = 0.001 for
miR-208b and OR = 1.58, 95% CI = 1.17-2.13, p = 0.003
for miR-499-5p, respectively) while there were no signifi-
cant associations in the non-MI group (OR = 1.55, 95%
CI = 0.55-4.40, p = 0.41 for miR-208b and OR = 1.64, 95%
CI = 0.60-4.51, p = 0.33 for miR-499-5p, n = 88). In
patients aged 75 or older (n = 89), the risk of experiencing
the primary endpoint was higher than in younger patients.
For miR-208b, OR = 2.20 (95% CI 1.26-3.82, p = 0.005) in
patients >75 years old compared to 1.66 (95% CI 1.21-2.26,
p = 0.001) for patients <75 years old. For miR-499-5p,
the respective odds ratios were 1.99 (95% CI 1.20-3.32,
p = 0.008) and 1.59 (95% CI = 1.17-2.16, p = 0.003), re-
spectively. miR-1 levels were not significantly associated
with the primary endpoint in any of the analyses.
To further assess the prognostic value of miR-208b

and miR-499-5p compared to TnT, ROC analysis was
performed with the primary endpoint as the state vari-
able (Figure 5). Both miRNAs had similar accuracy as
TnT (AUC = 0.64 for both miRNAs and 0.66 for TnT).

Figure 2 MiRNA levels across patient groups. MiRNA levels
relative to miR-17, transformed into linear form using the formula 2-dCt.
All quantities have been transformed using the natural logarithm. The
box extends from the 25th percentile to the 75th percentile with a line
at the median. The whiskers indicate the highest and the lowest value
in each group. *p < 0.05, ***p < 0.001.
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Relation to conventional prognostic markers
In order to further evaluate the usefulness of circulating
miRNA as cardiac biomarkers, we tested whether the
levels of miR-1, -208b and -499-5p correlated with TnT.
miR-208b and -499-5p were strongly correlated with

TnT (r = 0.65, p < 1*10-7 and r = 0.62, p < 1*10-7) as well
as with one another (r = 0.93, p < 0.0000001). Adjusting
for age, sex and time from admission to sampling did
not affect the level of statistical significance. miR-1 was
weakly correlated with TnT (r = 0.12, p = 0.02), but lost

Figure 3 Discrimination of myocardial infarction. ROC curves
describing the discrimination of patients diagnosed with MI from
non-MI patients with circulating miRNA levels as well as Troponin T.

Figure 4 Association of miRNA with the primary endpoint. a) The level of each miRNA was divided into quartiles. Each bar represents the
proportion of patients (%) in each quartile who experienced the primary endpoint. b) Levels of miRNA in each quartile, expressed relative to
miR-17 and transformed into linear form using the formula 2-dCt.

Figure 5 Prognostic accuracy of miRNAs and Troponin T. ROC
curves for miR-208b, miR-499-5p and Troponin T with the primary
endpoint as state variable.
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statistical significance after adjustment for age, sex and
sampling time. In subgroup analyses, TnT remained
correlated with miRNA levels in MI patients (r = 0.57,
p < 1*10-7 for miR-208b and r = 0.55, p < 1*10-7 for miR-
499-5p) but not in non-MI patients (r = 0.1, p = 0.37 for
miR-208b and r = 0.2, p = 0.08 for miR-499-5p).
We also investigated whether an increase in circulating

cardio-enriched miRNA correlated with long-term myo-
cardial systolic function, as measured by a LVEF. All
miRNAs were weakly negatively correlated with LVEF
(r = -0.11, p = 0.037 for miR-1; r = -0.16, p = 0.003 for
miR-208b; r = -0.16, p = 0.003 for miR-499-5p). In sub-
group analyses, LVEF was negatively correlated with
miRNA in MI patients but not in non-MI patients. In
multivariate analysis, the level of statistical significance
for all correlations were unaffected by adjustment for
age, sex and sampling time. Scatter plots for all correlations
are shown in Additional file 1: Figure S1 and S2.

Discussion
The notion of circulating miRNA as biomarkers for vari-
ous diseases has been explored to a considerable extent
in recent years. Tissue specificity, rapid release dynamics
and stability in blood [21-24] and urine [23] make
miRNAs promising candidates for diagnostic and prog-
nostic utility in a wide range of disease states. miRNA
species expressed at particularly high levels in cardiac or
skeletal muscle, such as miR-1, miR-133, miR-208a/b
and miR-499-5p have been thought of as candidate
biomarkers in ACS. Thus far, most studies related to
these questions have been small and focused on the
acute phase of the disease. We wanted to investigate
whether circulating cardio-enriched miRNA are valuable
both for diagnosis and prognosis in a larger cohort of
patients with suspected ACS.
Although many studies have claimed that the presence

of cardio-enriched miRNA in the circulation reflect
myocardial damage[15,16,21,22], only one very recent
study have tried to show direct evidence that these
miRNA species are in fact released directly from human
myocardium [25]. To address this, we sampled blood
from the coronary sinus before and after cardioplegia
and reperfusion in patients undergoing CABG. The
presence of miR-208b and miR-499-5p in the coronary
sinus immediately after, but not before cardioplegia,
supports the idea that these miRNAs are in fact released
directly from the myocardium following tissue damage.
Although the conditions during CABG do not directly
reflect the situation in MI, these are both states of cir-
culatory standstill within the myocardium and a
reperfusion injury that amounts to tissue stress and
cell death. Our data provides indirect evidence that
miR-208b and miR-499-5p are released specifically
from the heart in man.

The levels of all three cardio-enriched miRNAs
displayed the same pattern, with increased amounts in
NSTEMI patients compared to non-MI and increased
amounts in STEMI patients compared to NSTEMI. This
partly contradicts the results of a recent study [26],
where the level of miR-499 was not increased in STEMI/
NSTEMI compared to non-MI. However, this is not
entirely unexpected since the release pattern of miR-
499-5p is slower than that of miR-1/-208b [23] and
the samples were taken at a later time point in this
study compared to the study by Widera et al. It is
possible that the peak of miR-499-5p had not yet been
reached at the time of sampling in that study.
Although MI patients could be discriminated from non-

MI patients based on the plasma levels of miR-208b and
miR-499-5p, the accuracy was well below that of the
current gold standard cardiac marker, Troponin T. How-
ever, it is likely that the accuracy could be improved with
faster blood sampling, considering the rapid dynamics of
circulating cardio-enriched miRNAs [21] and the fact that
29% of the blood samples were taken more than 24 hours
after admission. In fact, a subgroup analysis with only the
samples that were taken within 24 hours showed a mark-
edly improved diagnostic accuracy. AUC for miR-208b
increased from 0.82 to 0.89 and from 0.79 to 0.87 for miR-
499-5p. Another factor that hampers a direct comparison
is that blood sampling for miRNA and TnT analysis was
not consistently obtained at the same time point.
To evaluate whether circulating miRNA holds any prog-

nostic value we evaluated a primary endpoint including
death within thirty days of admission and development of
heart failure. Plasma levels of miR-208b and miR-499-5p
were associated with an increased risk of death or heart
failure in MI patients (STEMI and NSTEMI) but not in
non-MI patients and may thus provide some prognostic in-
formation following MI. An increased level of either of the
three miRNAs also correlated with decreased systolic func-
tion, confirming the findings of our recent, smaller study
[23]. It is likely that the release of cardio-enriched miRNAs
into the bloodstream following myocardial damage is
merely a by-product of necrotic cardiomyocytes. However,
the possibility of a paracrine effect of these miRNA species,
as e.g. shown for miR-126 in the context of atherosclerosis
[13], which might exacerbate the conditions within the
myocardium post-MI and increase the risk of death or de-
velopment of heart failure, cannot be excluded.
During preparation of this manuscript one other large

study evaluating the prognostic impact of cardio-
enriched miRNAs on survival in the context of ACS was
published [26]. miR-133 and -208b was associated with
an increased risk of death within six months. As with
the results presented herein, the association did not re-
main statistically significant after adjusting for another
cardiac biomarker. These findings suggest that miRNA
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levels do not offer incremental prognostic information
regarding risk of death or development of heart failure
than the current cardiac markers. However, the most im-
portant potential utility of these new biomarkers lie in
the rapid release dynamics and substantial rise in plasma
levels. Additional studies are warranted to assess the
utility of miRNAs in rapid diagnosis of MI in the emer-
gency department and in the diagnosis of early
reinfarction, where conventional biomarkers perform
poorly. Additional studies are also warranted in patient
groups where traditional cardiac markers are less reli-
able, for example in the elderly, and in patients with se-
vere heart failure or renal failure and dialysis.
Our study also has limitations which merit consider-

ation. First, the CABG patient cohort consists of only
four individuals and the results regarding the origin of
cardio-enriched miRNAs must be taken with caution.
Second, as patients were recruited at the coronary care
unit, our study did not include many patients presenting
with possible ACS of lower likelihood to represent ische-
mic heart disease, which are more often treated in a gen-
eral acute admissions unit. This may have attenuated the
diagnostic performance of biomarkers, as patients trans-
ferred to the coronary care unit more often have concur-
rent cardiac disease or other complicating factors, which
may be associated with increased biomarker levels.
Third, comparisons of miRNA and Troponin T are
complicated by the fact that these samples were not con-
sistently obtained at the same time point.

Conclusion
In conclusion, our findings indicate that cardio-enriched
miRNAs are released from the myocardium in response to
ischemia, that the levels of cardio-enriched miRNAs are
increased in MI and establish association of increased
miRNA levels with reduced systolic function after MI and
risk of death or heart failure.

Additional file

Additional file 1: Gidlof et al, “Circulating cardio-enriched miRNAs are
associated with long term prognosis following myocardial infarction.”

Competing interest
The authors declare that they have no competing interests.

Authors' contributions
OG - designed the study, carried out experiments, analyzed and interpreted
data, wrote the manuscript. GS - analyzed and interpreted data, revised the
manuscript for important intellectual content. KM - carried out experiments,
revised the manuscript for important intellectual content. PA - analyzed and
interpreted data, revised the manuscript for important intellectual content.
AS - provided clinical samples, acquired data, revised the manuscript for
important intellectual content. SB - provided clinical samples, acquired data,
revised the manuscript for important intellectual content. DE - designed the
study, analyzed and interpreted data, revised the manuscript for important
intellectual content. All authors read and approved the final manuscript.

Acknowledgements
The authors wish to thank Siv Svensson at the Department of Cardiology,
Lund University for help with sample preparation and technical assistance.
This work was supported by the Swedish Heart and Lung Foundation,
Swedish Scientific Research Council (521-2009-2276), governmental funding
of clinical research within the Swedish National Health Service, and Lund
University Hospital funds.

Author details
1Department of Cardiology, Faculty of Medicine, Lund University, Skåne
University Hospital, SE-221 00, Box 117 Lund, Sweden. 2Department of
Clinical Sciences, Faculty of Medicine, Lund University, Malmö, Sweden.
3Broad Institute of Harvard and MIT, Cambridge, MA, USA. 4Department of
Cardiothoracic Surgery, Anaesthesia and Intensive Care, Faculty of Medicine,
Lund University, Lund, Sweden.

Received: 28 September 2012 Accepted: 25 February 2013
Published: 28 February 2013

References
1. Ambros V: The functions of animal microRNAs. Nature 2004, 431(7006):

350–355.
2. Filipowicz W, Bhattacharyya SN, Sonenberg N: Mechanisms of post-

transcriptional regulation by microRNAs: are the answers in sight?
Nat Rev Genet 2008, 9(2):102–114.

3. Bartel DP: MicroRNAs: target recognition and regulatory functions.
Cell 2009, 136(2):215–233.

4. Wienholds E, Plasterk RH: MicroRNA function in animal development.
FEBS Lett 2005, 579(26):5911–5922.

5. Landgraf P, Rusu M, Sheridan R, Sewer A, Iovino N, Aravin A, Pfeffer S, Rice A,
Kamphorst AO, Landthaler M, et al: A mammalian microRNA expression
atlas based on small RNA library sequencing. Cell 2007, 129(7):1401–1414.

6. Berezikov E, Thuemmler F, van Laake LW, Kondova I, Bontrop R, Cuppen E,
Plasterk RH: Diversity of microRNAs in human and chimpanzee brain.
Nat Genet 2006, 38(12):1375–1377.

7. van Rooij E, Quiat D, Johnson BA, Sutherland LB, Qi X, Richardson JA, Kelm RJ Jr,
Olson EN: A family of microRNAs encoded by myosin genes governs myosin
expression and muscle performance. Dev Cell 2009, 17(5):662–673.

8. Zhao Y, Samal E, Srivastava D: Serum response factor regulates a muscle-
specific microRNA that targets Hand2 during cardiogenesis. Nature 2005,
436(7048):214–220.

9. Williams AH, Liu N, van Rooij E, Olson EN: MicroRNA control of muscle
development and disease. Curr Opin Cell Biol 2009, 21(3):461–469.

10. Chen JF, Murchison EP, Tang R, Callis TE, Tatsuguchi M, Deng Z, Rojas M,
Hammond SM, Schneider MD, Selzman CH, et al: Targeted deletion of
Dicer in the heart leads to dilated cardiomyopathy and heart failure.
Proc Natl Acad Sci U S A 2008, 105(6):2111–2116.

11. Dimmeler S, Zeiher AM: Circulating microRNAs: novel biomarkers for
cardiovascular diseases? Eur Heart J 2010, 31(22):2705–2707.

12. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, Lotvall JO: Exosome-
mediated transfer of mRNAs and microRNAs is a novel mechanism of
genetic exchange between cells. Nat Cell Biol 2007, 9(6):654–659.

13. Zernecke A, Bidzhekov K, Noels H, Shagdarsuren E, Gan L, Denecke B,
Hristov M, Koppel T, Jahantigh MN, Lutgens E, et al: Delivery of microRNA-
126 by apoptotic bodies induces CXCL12-dependent vascular protection.
Sci Signal 2009, 2(100):ra81.

14. Laterza OF, Lim L, Garrett-Engele PW, Vlasakova K, Muniappa N, Tanaka WK,
Johnson JM, Sina JF, Fare TL, Sistare FD, et al: Plasma MicroRNAs as
sensitive and specific biomarkers of tissue injury. Clin Chem 2009,
55(11):1977–1983.

15. Ji X, Takahashi R, Hiura Y, Hirokawa G, Fukushima Y, Iwai N: Plasma miR-208
as a biomarker of myocardial injury. Clin Chem 2009, 55(11):1944–1949.

16. Gupta SK, Bang C, Thum T: Circulating microRNAs as biomarkers and
potential paracrine mediators of cardiovascular disease. Circ Cardiovasc
genet 2010, 3(5):484–488.

17. Goren Y, Kushnir M, Zafrir B, Tabak S, Lewis BS, Amir O: Serum levels of
microRNAs in patients with heart failure. Eur J Hear Fail 2012,
14(2):147–154.

18. Seto AG, van Rooij E: Circulating microRNAs to identify human heart
failure. Eur J Hear Fail 2012, 14(2):118–119.

Gidlöf et al. BMC Cardiovascular Disorders 2013, 13:12 Page 8 of 9
http://www.biomedcentral.com/1471-2261/13/12

http://www.biomedcentral.com/content/supplementary/1471-2261-13-12-S1.pdf


19. Gu YL, Voors AA, Zijlstra F, Hillege HL, Struck J, Masson S, Vago T, Anker SD,
van den Heuvel AF, van Veldhuisen DJ, et al: Comparison of the temporal
release pattern of copeptin with conventional biomarkers in acute
myocardial infarction. Clin Res Cardiol 2011, 100(12):1069–1076.

20. Agewall S, Giannitsis E, Jernberg T, Katus H: Troponin elevation in coronary
vs. non-coronary disease. Eur Heart J 2011, 32(4):404–411.

21. D’Alessandra Y, Devanna P, Limana F, Straino S, Di Carlo A, Brambilla PG,
Rubino M, Carena MC, Spazzafumo L, De Simone M, et al: Circulating
microRNAs are new and sensitive biomarkers of myocardial infarction.
Eur Heart J 2010, 31(22):2765–2773.

22. Adachi T, Nakanishi M, Otsuka Y, Nishimura K, Hirokawa G, Goto Y, Nonogi H,
Iwai N: Plasma microRNA 499 as a biomarker of acute myocardial
infarction. Clin Chem 2010, 56(7):1183–1185.

23. Gidlof O, Andersson P, van der Pals J, Gotberg M, Erlinge D: Cardiospecific
microRNA plasma levels correlate with troponin and cardiac function in
patients with ST elevation myocardial infarction, are selectively
dependent on renal elimination, and can be detected in urine samples.
Cardiology 2011, 118(4):217–226.

24. Ai J, Zhang R, Li Y, Pu J, Lu Y, Jiao J, Li K, Yu B, Li Z, Wang R, et al:
Circulating microRNA-1 as a potential novel biomarker for acute
myocardial infarction. Biochem Biophys Res Commun 2010, 391(1):73–77.

25. De Rosa S, Fichtlscherer S, Lehmann R, Assmus B, Dimmeler S, Zeiher AM:
Transcoronary concentration gradients of circulating microRNAs.
Circulation 2011, 124(18):1936–1944.

26. Widera C, Gupta SK, Lorenzen JM, Bang C, Bauersachs J, Bethmann K,
Kempf T, Wollert KC, Thum T: Diagnostic and prognostic impact of six
circulating microRNAs in acute coronary syndrome. J Mol Cell Cardiol
2011, 51(5):872–875.

doi:10.1186/1471-2261-13-12
Cite this article as: Gidlöf et al.: Circulating cardio-enriched microRNAs
are associated with long-term prognosis following myocardial
infarction. BMC Cardiovascular Disorders 2013 13:12.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Gidlöf et al. BMC Cardiovascular Disorders 2013, 13:12 Page 9 of 9
http://www.biomedcentral.com/1471-2261/13/12


