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Early detection of acute myocardial infarction (AMI)9

is crucial for deciding the course of treatment to pre-
serve and prevent further damage to the myocardial
tissue. Guidelines from the American College of Cardi-
ology give the criteria for AMI as an increase or de-
crease in troponin with at least one value �99% per-
centile of a healthy population (with an imprecision of
�10%) accompanied by either symptoms of ischemia
or evidence of MI based on imaging or electrocardiog-
raphy modalities. Over the last several years, creatine
kinase MB testing has been replaced by newer genera-
tions of troponin assays. High-sensitivity assays are
now considered the gold-standard marker for myocar-
dial necrosis. Indeed, the improved analytical sensitiv-
ity of high-sensitivity troponin assays has lowered the
threshold for myocardial injury, making it easier to de-
tect baseline values in the picogram-per-milliliter
range and thus expediting early diagnosis. The gains in
diagnostic sensitivity have come at the cost of decreases
in diagnostic specificity, however. A major challenge is
that high-sensitivity assays quantify troponin in a
greater proportion of healthy individuals. These assays
also detect myocardial cell death associated with other
pathophysiological conditions, such as cardiomyopa-
thies, myocarditis, renal failure, congestive heart fail-
ure, and pulmonary embolism, and do not distinguish
between mechanisms of tissue injury, thus limiting the
ability to differentiate on the basis of MI severity [e.g.,
ST-segment elevation myocardial infarction (STEMI)
vs. non-STEMI]. Consequently, the introduction of
high-sensitivity troponin assays into clinical practice
has caused confusion for physicians treating patients
with acute chest pain. Therefore, the ideal biomarker to
rule in and rule out AMI rapidly and reliably is still
lacking.

During the last several years, there has been a burgeon-
ing interest in circulating microRNAs (miRNAs) as po-
tential novel biomarkers for AMI. miRNA is a type of
single-stranded, noncoding small ribonucleic acid
(about 22 nucleotides in length) located within introns
of protein-coding genes that functions in suppressing
protein synthesis via gene silencing. Recent animal and
clinical studies have demonstrated that miRNAs in-
crease in the plasma shortly after the onset of a coro-
nary event. A recent explosion of clinical data has
provided evidence that circulating miRNAs have
utility not only in diagnosis but also in predicting
survival outcome and atherosclerotic burden. Cer-
tain miRNA isoforms occur exclusively in the circu-
lation after an AMI and appear to display faster re-
lease kinetics than seen for troponins detected with
high-sensitivity assays. Furthermore, testing for cir-
culating miRNA seems to match the benefits of high-
sensitivity troponin testing in terms of clinical sen-
sitivity and specificity. In some instances, miRNA
testing improves the diagnostic potential when such
testing is used together with cardiac biomarkers or as
an independent test. Moreover, some groups have
identified unique signature patterns of circulating
miRNAs that accurately distinguish between non-
STEMI and STEMI patients—a diagnosis that has
important implications for early management in the
acute-care setting.

In this Q&A, we ask 4 miRNA experts with an interest
in coronary artery disease to shed light on the utility
of circulating miRNA in testing for AMI and to pro-
vide insight into the benefits, applications, chal-
lenges, and limitations of this potentially powerful
new tool.
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Do you think an ideal biomarker for rapid and
reliable diagnosis of AMI is still lacking? What are
some of the challenges with the current pantheon of
MI testing approaches used today?

Katey Rayner: The clini-
cal necessity for rapid
and accurate testing for
an AMI is obvious, and
the current use of tro-
ponin (and other cardiac
enzyme– based measure-
ments) confidently pre-
dicts the presence of an
AMI. In contrast, a rapid
and effective test for sta-
ble coronary disease and,

more importantly, unstable coronary disease is lacking.
It is my opinion that although miRNAs may associate
strongly with cardiac enzyme values and may indeed
indicate the occurrence of an AMI, these miRNA-based
measurements will do nothing more than solidify the
diagnosis and will not necessarily reveal any new infor-
mation. On the other hand, there is an urgent need for
markers that identify unstable plaques that are at risk
for rupture, and miRNAs may provide this tool.

Stephanie Dimmeler: Re-
liable biomarkers for early
and sensitive detection of
AMI are available (high-
sensitivity troponin as-
says), and I would not
expect that circulating
miRNAs would be better
for routine practice. Per-
haps the release of
miRNAs is earlier than
troponin (which would al-

low for an earlier detection of AMI); however, this is not
yet clear.

George A. Calin: The
lack of diagnostic speci-
ficity for many markers
of MI is one factor. On
the other hand, several
miRNAs have tissue-
specific expression (e.g.,
the miR-133 family), and
therefore there are high
expectations to identify
more-specific markers
that can be used as early-

stage markers of myocardial necrosis. Also, if new

markers unrelated to miRNAs were to be identified as
highly specific, prediction of MI based on a combina-
tion of such markers with miRNA expression could be
envisioned.

Thomas Thum: Gener-
ally speaking, I think it is
difficult to beat the sensi-
tivity and specificity of
current approaches to
detect MI, particularly
with regard to that de-
rived from use of high-
sensitivity troponin as-
says. However, there are
several circumstances
where new biomarkers

would be very helpful, for example in detecting other car-
diac diseases that go along with myocardial damage (and
rise of traditional biomarkers) such as Takotsubo cardio-
myopathy or various forms of myocarditis.

Why has there been such an explosion of interest in
the cardiovascular community in translating miRNA
research at the bench into the clinical setting?

Katey Rayner: The excitement surrounding the use of
miRNA-based therapies for cardiovascular disease
treatment is in part owing to the relatively rapid devel-
opment of anti-miRNA targeting strategies. Less than 5
years after miRNAs were discovered in mammals, “an-
tagomirs” were used successfully in nonhuman pri-
mates to inhibit miR-122 and reduce total plasma cho-
lesterol concentrations, and this led to the rapid
advancement of anti-miR122 into clinical trials. One
could almost argue that the understanding of miRNA
biology has lagged behind the development of inhibitor
technologies, but this has helped a large number of lab-
oratories validate the role of specific miRNAs in car-
diovascular diseases and supported their consideration
for clinical trials. Unlike approaches that target one
gene/molecule at a time (i.e., small molecules, pharma-
cologics), miRNA-based therapy has the potential to
modulate an entire pathway by fine-tuning multiple
genes at the same time, often resulting in a more last-
ing, sustained effect.

Stephanie Dimmeler: miRNAs can change gene ex-
pression networks and are often profoundly regulated
during disease. Moreover, pharmacological small in-
hibitors are available to target miRNAs, allowing for
easy testing of therapeutic strategies. In general,
miRNA inhibitors have been safely used in a recent
phase II study (for the treatment of hepatitis); there-
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fore, one may expect that miRNA inhibitors might also
be useful for the treatment of cardiovascular diseases.

George A. Calin: miRNAs are involved in any type of
biologic process that has been investigated to date and
also any type of disease analyzed. Therefore, large
amounts of effort and funds have been dedicated to the
identification of new therapeutic applications based on
miRNAs, as well as other new biomarkers, to answer
the many yet-unsolved clinical questions, such as the
prediction of response to therapy. The recently pub-
lished clinical trial in phase II with miravirsen (anti–
miR-122, an antagonist to a highly specific liver
miRNA) in patients with chronic hepatitis C virus ge-
notype 1 infection showed prolonged dose-dependent
reductions in hepatitis C RNA levels without evidence
of viral resistance, certainly adding hope that such new
therapies will be developed.

Thomas Thum: This explosion of interest is seen in the
development of both novel diagnostic and therapeutic
translational approaches. The fact that miRNA targets
are often functionally grouped makes them very attrac-
tive therapeutic targets, and recent studies in many an-
imal models of disease have shown enormous potential
for such miRNA therapeutics. Indeed, within a short
period of time we will see clinical studies testing
miRNA therapeutics in humans.

miRNAs come in many different flavors. Given that
different forms of circulating miRNAs have been
discovered to reflect myocardial damage, what rig-
orous criteria should be used to determine their
utility as biomarkers, and which miRNAs do you
think fit into these standards?

Katey Rayner: The most important criterion for an
miRNA to be considered as a biomarker for MI is that
this miRNA is not found in the plasma/extracellular
space as a result of any other pathology. That is, the
miRNA used to diagnose a myocardial event must not
be detectable in patients with other complications,
such as liver disease, kidney dysfunction, or diabetes.
This is especially important given that many patients
with coronary artery disease suffer from multiple co-
morbidities that could complicate the miRNA-based
diagnostic test. Currently, miR-1/133 and miR-208b
lead the way with regard to their accuracy and sensitiv-
ity for distinguishing between AMI patients and
healthy controls, although this awaits further confir-
mation in larger cohorts.

Stephanie Dimmeler: It is too early to make a final
conclusion. Our current measurements and normal-
ization protocols are far from ideal, and improvement

in the methodology might be very helpful toward es-
tablishing miRNAs as biomarkers. The criteria to de-
fine the utility are not much different from any other
biomarker and simply need extensive testing (and con-
firmation of the results) in large-scale clinical cohorts.

George A. Calin: As circulating miRNAs act as hor-
mones, one important practical consequence derives
from their large variation in expression in normal pop-
ulations. Consequently, “normal” concentrations of
circulating miRNAs vary widely among humans ac-
cording to age, gender, and physiological events (such
as menarche or pregnancy) and are influenced by var-
ious “extrinsic” factors, such as environmental temper-
ature and stress. A practical consequence of this view is
the fact that for any study comparing the expression of
miRNAs in any type of body fluid from normal indi-
viduals and cancer patients, it is important to design
the study in a “paired” way, at least for age, gender, and
race, and to use at least twice as many controls as pa-
tients. In this way, the ample expression variation in the
normal population can be assessed, and the compari-
sons with disease groups (AMI in this case) will be
more meaningful and reproducible in independent co-
horts. The best miRNA to use as a marker will be the
one with exclusive expression in myocardial tissue;
next-generation sequencing expression profiling could
help in the identification of such miRNAs.

Thomas Thum: A first important issue is the normal-
ization of the results. There is currently no real gold
standard for normalization, as no “stable circulating”
miRNA is known. Most researchers normalize by spik-
ing in control miRNAs. I do not think that a single
miRNA will be better than traditional MI biomarkers.
However, a combination of miRNA markers, e.g., spe-
cific miRNAs for cardiomyocyte damage, inflamma-
tion, and alterations of endothelial cells and fibroblasts,
may be able to tell us something about the underlying
cause of the MI event that could result in therapeutic
changes.

There is some controversy in the literature about
which mechanisms determine the level of circulating
miRNA under physiological conditions and in re-
sponse to pathological stimuli. Could you highlight
this controversy and explain what is known about
some of their biological functions: Are they media-
tors of myocardial injury, or is their release a con-
sequence of the injury itself?

Katey Rayner: There are many examples of miRNAs
being secreted actively from cells in exosomes or mi-
crovesicles and associated with protein complexes in
response to certain stimuli. Apoptotic bodies also con-
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tain miRNAs, although it is not clear yet whether these
miRNAs are specifically or nonspecifically packaged
into these bodies. It is highly likely that miRNAs act as
messengers to communicate in a paracrine manner
with neighboring or distant cells, although the exact
mechanisms of this have yet to be elucidated. In the
case of MI, miRNAs are most likely released as a signal
of damaged tissue from the cardiac muscle injury, per-
haps to direct progenitor and/or inflammatory cells to
home in on the site of injury. It is of little consequence
whether this process is specific or nonspecific when
such miRNAs are to be used as biomarkers. What is
most important is their predictive value for diagnosis
of MI. Mechanistically, if certain miRNAs alter the re-
sponse to injury, then they may be manipulated for
therapeutic benefit by use of either miRNA inhibition
or replacement therapy.

Stephanie Dimmeler: Generally, miRNAs can be re-
leased via different coexisting mechanisms, but
some miRNAs may be exported by preferential path-
ways. Based on our own studies, we would conclude
that vesicle-embedded miRNAs are the preferential
form for most miRNAs. However, we also could de-
tect protein-bound [e.g., to argonaute 2 (Ago2)]
miRNAs and lipoprotein-bound miRNAs, albeit to a
lesser extent. The nature of the physiological long-
distance communication function is unclear and
hard to study in vivo. Certainly in cell culture, vari-
ous groups have demonstrated transfer and biologi-
cal activity of extracellular miRNAs; it is still an open
question, however, whether low concentrations of
extracellular miRNAs can elicit biological functions
in vivo.

George A. Calin: There are 2 aspects to be discussed in
relation to circulating miRNAs as hormones. One is the
secretion step, the result of several mechanisms, in-
cluding the presence of miRNAs in exosomes, mi-
crovesicles, or apoptotic bodies, as well as the interac-
tion with the Ago2 protein and HDL complexes. All
these forms make body-fluid miRNAs much more sta-
ble and therefore much easier to be quantified. Second
is the question, what are the effects on effector cells?
These effects are a result of the “classic” mechanism of
action, meaning the targeting of mRNA via sequence
complementarity, followed by mRNA degradation
and/or the blocking of translation, both resulting in
decreased protein expression. A new and unexpected
mechanism was recently identified—the roles of
miRNAs as direct agonists of Toll-like receptors in can-
cer cells and Alzheimer disease. Such mechanisms very
probably are present also in patients with various myo-
cardial diseases.

Thomas Thum: Many miRNAs are already bound to
stabilizing Ago2 complexes and are released in this sta-
ble form after the cell membrane is ruptured, e.g., after
an ischemic insult. In addition, miRNA can be actively
secreted, e.g., via apoptotic bodies or smaller exo-
somes. These circulating miRNAs can be taken up into
other target cells and may have physiological functions
(like hormones) and thus have paracrine activity. This
is intriguing, but many follow-up studies about the de-
tailed mechanisms are needed.

As novel biomarkers for MI, how do you think
miRNAs should be used as a diagnostic tool in man-
agement of patients with acute and chronic disease?
How do you see miRNA fitting into or perhaps filling
the holes of current diagnostic paradigms, such as
troponins?

Katey Rayner: Most circulating miRNAs correlate
closely with troponin concentrations in patients with
AMI. There is some evidence that miR-208b might ap-
pear earlier than troponin T in the plasma, though this
has yet to be confirmed. If the appearance of certain
miRNAs precedes that of cardiac enzymes, then the use
of these miRNAs (alone or, more likely, in combina-
tion) could be powerful. As mentioned above, how-
ever, the real potential of circulating miRNA biomark-
ers lies with their ability to detect/diagnose stable or
unstable coronary disease before the occurrence of an
MI. This is what is currently lacking in clinical practice.

Stephanie Dimmeler: Circulating miRNAs might be
useful for stratification and risk prediction of diseases
where currently good biomarkers are missing, such as
the identification of patients with vulnerable plaques,
which have a high risk for rupture and MI but are neg-
ative for high-sensitivity troponin.

George A. Calin: One aspect that is not well developed
regarding the significance of quantification of miRNAs
in plasma in acute or chronic disease of any type, in-
cluding heart diseases, is the following: Concentrations
of miRNAs, being hormones, are specific for each in-
dividual, and we are born with specific patterns of ex-
pression. Therefore, the measurement of plasma con-
centrations of miRNAs could represent a simple and
easy way to predict the response to therapy, as this has
an individual inherited component, too.

Thomas Thum: I think there is a huge benefit from
miRNA diagnostics, mainly in chronic diseases. Focus-
ing on the heart, I think there will be specific patterns of
miRNAs for diagnosing various forms of heart failure
and their underlying causes. The pattern of circulating
miRNAs also may tell us something about the ongoing
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pathological events inside the heart during chronic dis-
eases such as heart failure, e.g., progressing intramyo-
cardial fibrosis. Furthermore, there are already studies
showing the prognostic power of circulating miRNAs.
In the future, we will see results from larger patient
cohorts, which will answer the question about the real
clinical use of miRNAs in cardiovascular diseases.

Studies have shown that some miRNAs are signifi-
cantly and exclusively increased in the plasma of
patients with AMI. Should increased miRNA concen-
trations be interpreted quantitatively or qualita-
tively in the clinical setting, and why? Would upper
cutoff limits or reference intervals in the normal and
diseased population be useful in interpretation of
results?

Katey Rayner: Ultimately, the range of “normal” con-
centrations of any miRNA needs to be determined empir-
ically in a large population before its use as a biomarker
for MI can be established. This should be done with a
standardized procedure and used and validated across
many centers, ideally in the form of a “bedside” test. Until
this happens, it is impossible to predict what concentra-
tions of miRNA to consider normal/abnormal. More-
over, a cardiac-specific miRNA (such as miR-208) would
be ideal and would reduce any uncertainty over whether
or not the presence of this miRNA in plasma is the result
of some other tissue damage/pathology.

Stephanie Dimmeler: For routine clinical use, we need
clear cutoff values and reliable measurements with ac-
ceptable day-to-day variations. With the present tech-
nologies, measurements of existing cohorts of samples
are feasible, but standardization issues are not yet
solved. The use of recombinant miRNAs for quantifi-
cation or spiking of miRNAs for normalization in
PCR-based measurement is not sufficient in our hands
to allow for a bedside measurement of circulating
miRNAs.

George A. Calin: The concentrations should be inter-
preted quantitatively, and reference intervals in the
normal and disease population should be used. By
quantitative reverse-transcription PCR, a very sensitive
method of profiling, the miRNAs will also be present
under specific conditions in normals (for example,
would athletes have “pseudo-AMI” plasma miRNAs
after heavy training, and at what concentrations?).

Thomas Thum: If these miRNAs are to be used in clin-
ical medicine, there is a great need to define reference
limits, which is quite an endeavor given the use of a
PCR-based detection system, and comparability be-
tween different laboratories will be rather difficult.

However, this is possible in a semiquantitative way.
Reference intervals, not only in healthy controls but
also in diseased individuals, are needed.

What are some of the state-of-the art technologies
currently used to measure miRNA? What are the
major analytical challenges or limitations, and
what technologies need to be improved to reliably
measure miRNA in the acute and nonacute clini-
cal settings? Do you think point-of-care testing is a
reality?

Katey Rayner: Currently, the most rapid way to mea-
sure miRNA is by quantitative PCR. An evolving diag-
nostic platform for measuring genetic material (in-
cluding miRNA) is the Nanostring, although currently
the turnaround time is �24 h, which is less than ideal
for diagnosis of an MI and is better suited for more-
chronic conditions. The recent use of the point-of-care
“RAPID GENE” test to genotype individuals for the
CYP2C19 allele (to guide antiplatelet therapy during
coronary intervention) tells us that a rapid bedside test
to measure miRNA concentrations is a very real possi-
bility. In fact, the technologies used for genotyping and
miRNA detection are not so different, so this may be a
reality sooner than you think.

Stephanie Dimmeler: Not yet. Currently, most labora-
tories use PCR-based technologies, but other technol-
ogies are available as well. PCR is very sensitive but also
difficult to standardize; other technologies may be bet-
ter with respect to reproducibility and standardization;
however, they are less sensitive. This field is in its early
days, and surely the technologies need to be (and can
be) further developed.

George A. Calin: The technology that is the most used
in CLIA-based laboratories for translational medicine
is quantitative reverse-transcription PCR, as it is spe-
cific, is easy to perform, is reproducible, and has a low
cost. One limitation is the difficulty of finding useful
normalizers that can be used in multiple independent
sets of samples. The proposed alternative is to use spik-
ing of nonhuman miRNAs, which assumes a uniformly
equal quality of the samples, but this is not the case in
the majority of instances. One alternative option—
costly but more powerful—is small-RNA sequencing
that is able to identify new miRNAs never before
reported.

Thomas Thum: The most applied technology is real-
time– based detection of miRNAs. Other technologies
include microarray-based detection and bead technol-
ogies, as used for fluorescence-activated cell-sorting
analysis. I think point-of-care testing may be developed

Q&A

816 Clinical Chemistry 60:6 (2014)



(2-h time), but as mentioned above, I think miRNAs
will make their way into diagnostics more for chronic
disease conditions.

Do you see circulating-miRNA testing for AMI a
reality in 5 years down the road, and if not, what are
the major hurdles to overcome in our understanding
of miRNA testing?

Katey Rayner: In order for a circulating miRNA to be-
come a widely used test for diagnosing AMI, the test
needs to be better and faster (and perhaps less expen-
sive) than what is used today. A single miRNA will
likely not be more valuable than troponin measure-
ments in this regard; however, a panel of many
miRNAs may add confidence to cardiac marker mea-
surements and may even be measured earlier. In con-
trast, if an miRNA or a panel of miRNAs that predicts
unstable coronary disease can be identified, this would
be highly valuable in the clinical setting to direct ther-
apy. For either of these scenarios to become realities,
the range of “normal” limits needs to be determined
empirically for each circulating miRNA via a standard-
ized and commercially available method. Ideally, this
could be done with a point-of-care test that delivers
rapid, accurate results in �1 h. If and when these cri-
teria are met, circulating miRNAs may have enormous
power in the clinical setting for diagnosis of both acute
and chronic coronary diseases and may lead to novel
therapies that target these dysregulated miRNAs.

Stephanie Dimmeler: Not likely for AMI, but possibly
for other indications. Major hurdles are the establish-
ment of a quick and sensitive, but robust and standard-
ized, method that can be used in daily practice. More-

over, we have to test for and identify confounding
factors that may influence measurement.

George A. Calin: With the advance of deep-
sequencing technology toward clinical practice,
many more miRNAs will be identified in the next few
years, so it is a good possibility that over the next 5
years, miRNAs will be discovered as predictors of
prognosis in both acute and stable disease. An im-
portant topic is the prediction of chronic disease, for
which miRNAs could probably be used realistically
in the next 5 years.
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