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Myocardial Infarction
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Acute myocardial infarction (AMI) remains a major cause of death
in the US. An early and reliable diagnosis may warrant immediate
initiation of reperfusion therapy to potentially improve the survival
rate among the AMI patients. Currently, cardiac troponins (i.e. cTnT
and cTnl) and creatine kinase MB (CK-MB) are widely used for AMI
diagnosis. However, elevation of these biomarkers is also observed
in human patients with myocarditis, aortic dissection, pulmonary
embolism, congestive heart failure and renal failure. Furthermore,
measurable amounts of troponin proteins are usually not released
from damaged myocardium before 4 to 8 h after onset of symptoms,
making an early biomarker-based diagnosis of AMI rather difficult.
Therefore, new biomarkers with high sensitivity and specificity in
early diagnosis of AMI are greatly needed.

Do plasma/serum microRNAs serve as biomarkers for
early diagnosis of AMI?

MicroRNAs (miRNAs or miRs) are short, noncoding RNAs
that are important for many aspects of homeostasis and disease [1-
5]. Recent studies have excitingly demonstrated that miRs can be
detected in circulating blood and that these circulating miRs are
remarkably stable even under conditions as harsh as boiling, low or
high pH, long-time storage at room temperature, and multiple freeze-
thaw cycles [6]. These findings have raised the question of whether
circulating miRs may serve as early diagnostic biomarkers for AMI.

Given that myocardial infarction is characterized by the necrotic
cardiomyocyte death, which results in the passive release of myocyte
miRs. Therefore, initial studies mainly focused on determining the
alterations of cardimyocyte-enriched miRs (i.e. miR-1, miR-133a/b,
miR-208a/b, and miR-499) in plasma/serum samples collected
from human AMI patients. Indeed, at least 11 independent studies
from different countries by July 2012 have confirmed in human
AMI patients that these circulating muscle-/myocardium-derived
miRs might be useful as potential diagnostic biomarkers for acute
myocardial infarction [7-17]. For example: 6 h after AMI, serum miR-1
was increased by nearly 100-fold in a small cohort of 31 AMI patients,
compared with those of 20 healthy controls [11]. Consistently, in a
large cohort of 159 patients with or without AMI, plasma miR-1 levels
were found to be significantly higher in AMI patients, and the level
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returned to normal on discharge [10]. Serum levels of miR-133a/b,
which belongs to the same cluster and is co-transcribed with miR-1,
were also elevated in humans after AMI [15,16]. Several additional
studies showed that circulating levels of the myosin-related miR-499
are increased in patients after AMI [9,13-15,17].

Notably, in 33 patients with AMI, Wang et al. [12] observed that
plasma levels of miR-1, miR-133a, miR-499, and miR-208a were
substantially higher than those from healthy individuals (n=30),
patients with non-AMI coronary heart disease (n=16), or patients
with other cardiovascular disease (n=17). Interestingly, miR-208a
remained undetectable in non-AMI patients, but was easily detected
in 90.9% AMI patients and in 100% AMI patients within 4 h of the
onset of symptoms. By receiver operating characteristic (ROC) curve
analysis, among the four miRNAs examined, miR-208a revealed the
higher sensitivity and specificity for diagnosing AMI. Likewise, the
comparison of miR-208b, miR-499, miR-133, and miR-1 by Corsten
etal. [13] revealed that miR-208b and miR-499 were more profoundly
regulated and showed a higher specificity and sensitivity [areas under
the curve (AUC) of 0.94 and 0.92, respectively] in comparison to
miR-1 and miR-133, which were only modestly increased in patient
with AMI in this study. In addition, miR-208b levels correlated with
plasma troponin T levels, confirming the link to myocardial damage.

Collectively, these studies indicate that circulating cardiac-
enriched or specific miRNAs (miR-1, miR-133a/b, miR-208a/b,
and miR-499) are clinically useful as early diagnosis biomarkers for
AMI. However, acute myocardial infarction not only induces sudden
cardiomyocyte death, but also induces other types of cell death
(i.e., smooth muscle cells and endothelial cells), as well as activates
inflammatory cells and platelets. Therefore, we should not neglect
those miRs released from non-cardiomyocytes which may serve
as meaningful diagnosis biomarkers for AMI. At this point, future
investigations will be needed to perform miR-profile analysis in whole
plasma or serum samples collected from AMI patients. Indeed, Meder
etal. [18] recently profiled whole-genome miRNA expression in blood
samples from AMI patients. They identified 121 miRNAs, which are
significantly dysregulated in AMI patients (n=20) in comparison
to healthy controls (n=20). Among these, miR-1291 and miR-663b
show the highest sensitivity and specificity for the discrimination of
cases from controls. Using a novel self-learning pattern recognition
algorithm, they further discovered a unique signature of 20 miRNAs
that predicts AMI with even higher power (specificity 96%, sensitivity
90%, and accuracy 93%). In addition, they showed that the vascular
smooth muscle-enriched miR-30c and miR-145 levels correlate with
infarct sizes estimated by troponin T release. This study indicates
that single miRNAs and especially miRNA signatures derived from
peripheral blood, could serve as valuable biomarkers for AMI.

Finally, it is important to mention here that most published data
are derived from rather small numbers of patients, who are mostly
compared with healthy controls. Therefore, additional studies are
mandatory to confirm the findings described above. Moreover, future
investigations should specifically evaluate whether any of the newly
identified circulating miRs are competitive with the known markers
of cardiac injury, such as high-sensitivity troponins.
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Can plasma/serum microRNA-carriers serve as

biomarkers for early diagnosis of AMI?

It is well recognized that circulating miRNAs are either packaged
in microparticles (exosomes, microvesicles and apoptotic bodies)
or associated with RNA-binding proteins [Argonaute 2 (Ago2)] or
lipoprotein complexes [high-density lipoprotein (HDL)] [3,19-22]
(Figure 1). Now that circulating miRNAs have been confirmed to
serve as novel biomarkers for diagnosis of AMI, one question will be
asked whether these miRNA-carriers serve as diagnostic biomarkers
for AML

Actually, upon myocardial infarction, activated platelets and
damaged/apoptotic endothelial cells are responsible for the release of
microparticles (MPs) into the bloodstream [23,24]. Jung et al. [24]
recently measured levels of CD31*/CD42" MPs and CD144* MPs
(endothelial cell origin, EMP), as well as CD31*/CD42" (platelet
origin, PMP), in the plasma samples collected from 36 patients with
first time ST-elevation myocardial infarction using flow cytometry.
They observed that patients with occlusion of the left anterior
descending artery (LAD infarctions, n=11) had higher levels of
CD317/CD42- EMP (p < 0.05) and CD31*/CD42* PMP (p < 0.05)
than those with other infarct-related arteries (n=25). CD144* EMP
did not differ between the two groups. CD31*/CD42~ EMP and
CD31*/CD42* PMP both correlated to the area under the curve of
troponin T levels, but not to CKMB. These results suggest that some
specific types of microparticles may serve as biomarkers for diagnosis
of AMI Nonetheless, it remains unclear whether circulating miRNA-
carriers can serves as AMI diagnostic biomarkers. Therefore, future
clinical studies will be required to focus on these miRNA-carriers in
plasma/serum samples collected from AMI patients. Conceptually,
it is intriguing to speculate that specific miRNA-carriers might be
released very early after cellular injury, which is a characteristic feature
of the initiating processes of cellular stress responses or apoptosis.

In summary, several lines of evidence have suggested that
circulating miRNAs and miRNA carriers both can serve as valuable
biomarkers for the early diagnosis of AMI. However, it is still unclear
which of the measured miRNAs or miRNA-carriers is best suited
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Figure 1: Circulating miRNAs are wrapped in small membrane vesicles
(microvesicles, exosomes, and apoptotic bodies), RNA-binding proteins (Ago2
and NPM1) and lipoprotein complexes (HDL and LDL complexes). In response
to AMI, these miRNA carriers are released into the bloodstream.
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and might represent a meaningful superior alternative to already
established biomarkers of AMI, such as troponins. At this point, there
are lots of work needs to be done in the future.
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