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MicroRNAs (miRs) are small noncoding RNAs (≈23 
nucleotides) that regulate gene expression at a post-

transcriptional level by degradation or translational inhibition 
of target mRNAs. Initially discovered as regulators of devel-
opment in plants, worms, and fruitflies, miRs are emerging 
as pivotal modulators of cardiovascular biology and disease 
in mice and men.1 Besides a cell-specific transcription factor 
profile, cell-specific miR-regulated gene expression is inte-
gral to cell fate and activation decisions. Thus, the cell types 
involved in atherosclerosis, vascular disease, and its myocar-
dial sequelae may be differentially regulated by distinct miRs, 
thereby controlling highly complex processes, for example, 
smooth muscle cell phenotype and inflammatory responses of 
endothelial cells or macrophages.2

The generation of mature miR strands requires several steps 
of processing of the primary miR gene transcript, includ-
ing cleavage of the terminal loop of miR-precursors by the 
RNase III enzyme, Dicer, to produce miR duplexes. Although 
either strand of the miR duplex can be stably associated with 
an Argonaute (Ago) family protein, preferential loading of a 
specific strand (ie, the guide strand) onto the miR-induced 
silencing complex (RISC) is common. The strand that is not 
loaded into the RISC (ie, the passenger strand or miR*) is 
typically degraded.3 Strand selection may be tissue-specific, 

and an accumulation observed for both strands implies that 
each strand can separately enter the silencing complex.4 
Because of the often imperfect complementary binding of 
the miR seed sequence to the mRNA recognition element, an 
individual miR can affect the expression of hundreds of target 
mRNAs. However, the degree of repression seems to be rather 
modest for most targets, with only a minority of targets being 
repressed by >50%. This gives rise to an enormous complexity 
of miR expression and function in the cardiovascular system. 
This review series attempts to provide comprehensive over-
views summarizing the most important features and recent 
developments in an evolving and maturing field.

A review by Abraham et al dedicated to inflammation 
highlights the roles of miRs in innate and adaptive immune 
responses characterized, for example, after microbial chal-
lenge, and the deregulation of miRs during diseases associated 
with excessive or uncontrolled inflammation. The discussion 
of the functions of miRs in macrophage polarization is not only 
of relevance to inflammation in general but also to atheroscle-
rosis, which is considered as a lipid-induced inflammation of 
the vessel wall orchestrated by a complex interplay of various 
cell types, namely endothelial cells, smooth muscle cells, and 
macrophages. A review by Schober et al5 consequently sur-
veys the differential roles of distinct miRs during the patho-
genesis of atherosclerosis, which encompass downregulation 
of miR-145 controlling smooth muscle cell differentiation, 
delivery of miR-126 in endothelial cell-derived microparticles 
to signal the need for endothelial repair,6 or an upregulation of 
miR-155 relevant in proinflammatory macrophage polariza-
tion. The identification of this miR triad sheds light on the cur-
rent concepts of atherogenesis and establishes novel treatment 
options. An important contribution of miRs to the regulation 
or alteration of lipid metabolism and glucose homeostasis may 
determine the predisposition to cardiometabolic disease and 
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atherosclerosis. For instance, miR-33 controls cellular cho-
lesterol export and fatty acid degradation, which are stimu-
lated by its host genes, whereas miR-122 can limit cholesterol 
synthesis and lipoprotein secretion in the liver. Underlying 
mechanisms are detailed by Fernandez–Hernando et al,7 in 
a review, which also discusses the modulation of miRs as a 
strategy to treat metabolic diseases.

Membrane-derived vesicles and lipoproteins can serve to 
carry and transport miRs between cells with distinct signatures 
altered by cardiovascular pathologies. A review by Boon and 
Vickers8 is focused on the complexities and multitude of open 
questions remaining about the roles of miRs intercellular 
communication and their applicability to cardiovascular disease. 
A review by Fish et al9 highlights how miRs regulate multiple 
aspects and functions of the vascular endothelial growth 
factor signaling pathway in vasculogenesis and angiogenesis, 
in particular providing insights into the role of miRs and 
downstream effectors in modulating vascular endothelial 
growth factor output during development. This knowledge 
may be relevant to therapeutic targeting of pathological blood 
vessel growth and identifying clinical applications for miR 
manipulation. Myocardial infarction as a common and severe 
manifestation of advanced atheroscleoris is characterized 
by altered gene expression and dysregulation of underlying 
signaling pathways, which may involve an induction or 
repression of miRs affecting cell-specific downstream effects on 
cardiac function. A review by Fiedler and Thum10 summarizes 
the current knowledge about the mechanistic importance of 
several miRs and novel miR-based therapeutic approaches to 
counteract maladaptive remodeling after myocardial infarction. 
Postgenomic technologies enable an interrogation of complex 
pathophysiological perturbations of gene regulatory networks 
by introducing a systems context to biomarker discovery. As 
cardiovascular diseases develop over decades, a multi-biomarker 
panel including miRs may be required to detect and monitor 
different stages of disease, example, vulnerable atherosclerotic 
plaques. A review by Mayr et al11 discusses strategies for 
biomarker discovery using postgenomic technologies with a 
particular focus on circulating miRs. This may eventually serve 
and reveal distinctive cardiovascular phenotypes and identify 
biomarker signatures that complement the traditional scores in 
clinical risk prediction.

A key regulatory event in miR pathways is Ago loading, 
when Ago proteins undergo conformational opening to bind 
double-stranded small RNA duplexes forming a pre-RISC, 
and subsequently mediate unwinding to finally leave a single 
strand stably incorporated in a mature RISC. The N domain 
of Ago2 has been required for active wedging and unwind-
ing of the duplex during RISC assembly but not for precedent 
duplex loading or subsequent target cleavage.12 Moreover, the 
evolutionarily conserved PAZ domain is dispensable for Ago 
loading of slicing-competent RISC but in the absence of slicer 
activity or slicer-substrate, duplex miRs is required for ejecting 
the passenger strand and forming functional RISC complexes.13 

Although it was thought that, depending on the thermodynamic 
stability of the strands in a precursor miR, cells preferentially 
select the less stable one (guide strand) and degrade the other 
(passenger strand), expression profiling analyses indicate that 
both strands can accumulate as miR pairs in some tissues but 
are subject to strand selection in others.4 Furthermore, target 
prediction and validation assays demonstrated that both strands 
of a miR pair can target equal numbers of genes to suppress 
their expression. Because the number of context- and tissue-
specific targets may therefore vary, likely being higher and 
more versatile than expected, it will be important to determine 
the mechanisms involved in tissue-dependent miR biogenesis, 
expression, and degradation, as well as those contributing to 
context-dependent strand and target selection. It may be envi-
sioned that a specific regulation of the N and PAZ domains of 
Ago within the RISC may give rise to such selectivity, depend-
ing on the duplex pair and the target cell. Given the abundant 
involvement of miRs in posttranscriptional regulation that has 
been revealed in various models, the elucidation of the tissue-
specific strand selectivity seems to be of particular relevance 
for future studies in the cardiovascular system, both to unravel 
the basic mechanisms and to improve the options for therapeu-
tic applicability in clinical cardiovascular medicine.
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