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Review
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Abstract—The transcriptional regulation of cardiovascular development requires precise spatiotemporal control of gene
expression, and heterozygous mutations of transcription factors have frequently been implicated in human cardiovas-
cular malformations. A novel mechanism involving posttranscriptional regulation by small, noncoding microRNAs
(miRNAs) has emerged as a central regulator of many cardiogenic processes. We are beginning to understand the
functions that miRNAs play during essential biological processes, such as cell proliferation, differentiation, apoptosis,
stress response, and tumorigenesis. The identification of miRNAs expressed in specific cardiac and vascular cell types
has led to the discovery of important regulatory roles for these small RNAs during cardiomyocyte differentiation, cell
cycle, conduction, vessel formation, and during stages of cardiac hypertrophy in the adult. Here, we overview the recent
findings on miRNA regulation in cardiovascular development and report the latest advances in understanding their
function by unveiling their mRNA targets. Further analysis of miRNA function during cardiovascular development will
allow us to determine the potential for novel miRNA-based therapeutic strategies. (Circ Res. 2009;104:724-732.)
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ver the last decade, animal studies and advances in

human genetics have highlighted the need for precise
regulation of key molecular pathways during embryonic
development. This is particularly true for the cardiovascular
system, where haploinsufficiency of essential genes often
causes human cardiac malformations.! Such congenital heart
defects are the most common birth defects in humans,
occurring in nearly 1 in 100 live births,? and are a result of
defects in cell lineage decisions or subsequent morphogene-
sis. The same pathways that regulate early steps of cardio-
myocyte determination and differentiation are involved in
adaptive processes in adult heart disease and may be har-
nessed to encourage progenitor cells to adopt a cardiomyo-
cyte cell fate in postnatal life.

The dosage of cardiogenic pathways can be controlled at
numerous levels, some of which have been well studied. In
particular, the transcriptional regulation of cardiomyocyte
differentiation and cardiac morphogenesis is highly con-

served across species, and heterozygous mutations of
transcription factors have frequently been implicated in
human cardiac malformations.?> Recently, posttranscrip-
tional regulation by small noncoding RNAs, such as
microRNAs (miRNAs), has emerged as a central regulator
of many cardiogenic processes.

miRNAs are a large class of evolutionarily conserved,
small, noncoding RNAs, typically 20 to 26 nucleotides in
length, that primarily function posttranscriptionally by inter-
acting with the 3’ untranslated region (UTR) of specific target
mRNAs in a sequence-specific manner (reviewed by Zhao
and Srivastava?*). The first animal miRNA was described in
1993 as a regulator of developmental timing in Caenorhab-
ditis elegans.>° It was not until 2001 that miRNAs were
recognized to be widespread in all eukaryotes, including
vertebrates.”® More than 650 miRNAs are encoded in the
human genome, and each is thought to target more than 100
mRNAs, resulting in mRNA degradation or translational
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