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Endothelium-derived nitric oxide (NO) and endothelial cell (EC) function

One of the mechanisms ECs employ to maintain EC vascular homeostasis is releasing
vasodilators such as NO?. Exposure of ECs to pathological insults disrupts NO production
and NO bioavailability? that lead to EC dysfunction; setting the ground for atherosclerotic
plaque formation and other cardiovascular diseases®. In ECs, NO is mainly catalyzed by
eNOS*. Reduced NO production can be attributed to impaired eNOS activity, as eNOS
expression increases rather than decreases during EC dysfunction, presumably due to
elevated levels of hydrogen peroxide, a dismutation product of O,.~ °. Reduced NO
bioavailability can be due to decreased NO production and/or increased NOS degradation®.

Pathology of miR-199a dysregulation

miR-199a-5p and miR-199a-3p are produced from two arms of a single molecule of
miR-199a precursor’. In ECs, miR-199a-5p acts as a potent regulator of angiogenesis® °.
Inhibition of miR-199a-5p in human dermal microvascular ECs results in angiogenesis
whereas induction of miR-199a-5p inhibits angiogenic response in Matrigel® culture.
miR-199a-5p negatively regulates angiogenic responses by directly targeting v-ets
erythroblastosis virus E26 oncogene homolog 1 (Ets-1), thereby regulating the Ets-1-MMP1
pathway®. Zeng et al. described the role of miR-199a-5p in pulmonary microvascular EC
proliferation, as miR-199a-5p delivery suppresses cell proliferation whereas miR-199a-5p
knockdown has an opposite effectl?. In ECs infected with human cytomegalovirus,
miR-199a-5p expression is upregulated, leading to the enhanced cell migration and tube
formation via downregulation of the SIRT1/eNOS pathway!l. miR-199a is also involved in
Fabry disease development and EC dysfunction!? 13,

Role of miR-199a in NO production in ECs and NO bioavailability

In this issue of the Journal of ATVB, Joris et al nicely demonstrate that both miR-199a-3p
and miR-199a-5p are abundantly expressed in human and bovine aortic ECs and that human
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and bovine miR sequences are identical. The authors used bio-informatics tools to identify
VEGFA, Calcineurin, and SOD1 as potential miR-199a-3p/-5p targets. In BAECs treated
with a miR inhibitor LNA, NO production increased by two-fold whereas expression of
eNOS, DDAH1, PRMT]1, and the endogenous competitive substrate for eNOS remained
unchanged. In contrast, treatment of BAECs with non-selective NOS inhibitor L-NAME
decreased NO production to the basal level while expression of eNOS regulators were
unaffected. The authors reasoned that LNA-mediated miR-199a-3p/-5p inhibition promotes
eNOS activity via Ser1177/Thr495 phosphorylation through upregulating the PI3K/Akt and
calcineurin pathways and increases NO bioavailability by reducing O2-° levels via
increasing SOD1 expression. LNA-mediated miR-199a-3p/-5p inhibition also promotes
VEGF-mediated tube formation and improves vascular tone. To validate /n vitro findings,
they treated mice with antagomiRs, and noted increased NO-dependent relaxation and
eNOS-S1177 phosphorylation in aortas, as well as a decreased O2-. level in aortic rings, that
correlated with higher circulating Hb-NO in the venous blood along with greater expression
of calcineurin and SOD1. These results suggest that inhibition of miR-199a-3p/-5p
improves EC function. In the mouse model of angiotensin-mediated hypertension and
cardiac hypertrophy, expression of both miR-199a-3p/-5p is induced in heart and aorta
whereas only miR-199a-5p is induced in plasmal?.

miR-199a in ECs: how much do we not know?

What has been known about miR biogenesis is that between the two RNA strands from the
two arms of the DNA region, one strand is preferentially selected for entry into a silencing
complex (mature, miR) whereas the other is degraded (immature, miR*). Lately, emerging
evidence has revealed that some miRs* are functional and expressed abundantly?®. Both
mature forms derived from the precursor miR-199-a were identified in mice in 200316, and
their expression was found in humans later’- 17. They were then renamed miR-199a-5p and
miR-199a-3p+ 16:18-21 The miR-199a precursor is highly conserved across species,
suggesting that miR-199a-5p and miR-199a-3p possess important biological functions’.
Whereas the role of miR-199a in cancer as well as in cardiomyocyte apoptosis have been
studied extensively, its function in EC biology remains to be characterized. In the present
study, Joris et al found that miR-199a-5p and miR-199a-3p are highly expressed in both
human and bovine ECs. Their studies have revealed that miR-199a-5p and miR-199a-3p
play independent roles in EC dysfunction via the regulation of NO production and
bioavailability. Inhibition of miR-199a-3p and miR-199a-5p independently increases NO
bioavailability via inducing eNOS enzymatic activity and reducing NO degradation.
Consequently, VEGF-mediated tube formation by ECs is promoted, and contractile tone is
improved.

The present study has broadened the biological spectrum of miR-199a functions from cancer
biology, cardiomyocyte apoptosis and heart failure to EC dysfunction and vascular
homeostasis. Why and how important both mature forms derived from the same miR-199a
precursor are required in the regulation of NO production and bioavailability is unknown.
With the current knowledge on miR-199a function in ECs, further studies are necessary to
gain deeper insights into pathological implications of miR-199a (Figure). Firstly, NO is
produced when ECs are exposed to mechanical forces including hemodynamic shear stress
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and intraluminal pressure that trigger biochemical signaling involving multiple enzymes and
mechanosensors, ultimately leading to eNOS activation?2. Several mechanosensors are
identified to initiate signal transduction in ECs such as mechanosensing ion channels, G-
protein-coupled receptors, integrins-transmembrane receptors23-26, Therefore, it is plausible
to examine potential roles for miR-199a-5p and miR-199a-3p in shear-induced NO
production, and whether they are regulated by mechanosensors. Secondly, although
miR-199a is encoded by two loci within two different introns on dynamin 2 and 3:
miR-199a-1 is on chromosome 19 of dynamin 2 (intron 15) whereas miR-199a-2 is on
chromosome 1 of Dynamin 3 (intron 14) but there is no reported data showing that the
expression of miR-199a precursors is regulated by dynamin genes, indicating that miR-199a
precursors can be regulated by their own promoters’. Additionally, it is well known that
miR-targeting LNA has high affinity to the target sequence, but miR-targeting LNA
treatment might also result in off-target effects including altering gene expression in
neighbor tissues?’. Hence, to determine molecular mechanisms by which the expression of
miR-199a in ECs is regulated, as well as how miR-199a-5p and miR-199a-3p are differently
regulated should provide us with a better approach in the prevention of their pathology.
Thirdly, because circulating miRs can be detected in different fluid compartments such as
blood, saliva, and urine, it is possible that miR-199a-5p and miR-199a-3p expression can be
a harbinger of various coronary artery disease stages from subclinical atherosclerotic
disease?8. Thus, linking miR-199a-5p and miR-199a-3p to atherosclerotic disease burden as
primarily diagnostic markers could help us to define their prognostic significance in
coronary artery disease. Another limitation in the current study is the use of bovine aortic
ECs, which lack miR-199a-3p, and therefore significantly limits our understanding of the
functional difference between miR-199a-5p and miR-199a-3p.
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Figure. miR-199a-3p and miR-199a-5p coordinately regulate NO bioavailability via inhibiting
anti-oxidants expression and eNOS phosphorylation.
It remains unclear how miR-199a-3p and miR-199a-5p expression are modulated by pro-

atherogenic and anti-atherogenic stimuli (including NO itself).
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