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Editorial

Atherosclerosis is an inflammatory disease involving, 
among others, production and degradation of the extra-

cellular matrix and the accumulation of lipids in the arte-
rial wall. Matrix metalloproteinases (MMPs) are the main 
physiological mediators of matrix degradation, capable of 
degrading extracellular matrix components such as colla-
gens, proteoglycans, elastin, laminin, fibronectin, and other 
glycoproteins. The actions of MMPs could potentially be 
modulated with different approaches: (1) inhibition of MMP 
expression and protein synthesis, (2) inhibition of MMP ac-
tivation, and (3) inhibition of MMP activity.1 Although sub-
ject for studies for many years, including the development of 
more specific inhibitors for different MMP family members 
such as MMP-8 and MMP-12, opportunities as useful thera-
peutic targets in clinical studies are still hampered. The ef-
fect of broad-spectrum MMP inhibitors has been studied in 
models of vascular injury in large animal studies with vary-
ing outcomes. MMP inhibition results in impaired constric-
tive remodeling after balloon angioplasty2 but fails to inhibit 
in stent neointima formation.3 Interfering with MMP activ-
ity has been a popular approach to attenuate atherosclerotic 
disease in animal models, but translation to human disease 
is cumbersome. There are many reasons to explain this fail-
ure in translation: expression patterns of MMPs and TIMPs 
(tissue inhibitor of metalloproteinases) in mouse and human 
macrophages differ, and the lack of adequate preclinical 
models is evident. In addition, the widespread functional rel-
evance of MMPs in human biology hamper clinical applica-
tion because of side effects.4 However, currently clinically 
applied drugs may have pleiotropic effects that modify the 
MMP activity and indirectly influence atherosclerotic lesion 
progression. The search for molecular and genetic mecha-
nisms that modulate MMP activity and thereby affect athero-
sclerotic disease stabilization remains a challenge.
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MicroRNAs in Atherosclerosis and Aneurysm 
Formation

MicroRNAs (miRNAs) are small regulatory noncoding RNA 
molecules, 19 to 22 nucleotides in length, which bind to the 
3′-untranslated region of the mRNAs and regulate mRNA 
expression via degradation or inhibition of their translation. 
miRNAs are thereby able to post-transcriptionally regulate 
protein levels. Because of the nature of their binding, miR-
NAs can potentially bind multiple targets, and more and more 
evidence is linked to a strong regulatory effect of a single 
miRNA by binding several targets within the same functional 
network. Evidence is accumulating showing particularly im-
portant functional roles for miRNAs in cardiovascular disease, 
including atherosclerosis5 and aneurysm formation,6 which 
were recently extensively reviewed. miRNAs have been as-
sociated with cardiovascular disease risk factors, including 
hyperlipidemia, hypertension, obesity, diabetes mellitus, lack 
of physical activity, and smoking. In addition to their cellu-
lar role, they have been detected in body fluids as circulat-
ing miRNAs, thereby mediating cellular communication, and 
which makes them potential biomarker candidates.7

miRNAs can be functionally blocked by synthetic miRNA 
inhibitors in vitro and in vivo,8 which are chemically engi-
neered single-stranded oligonucleotides completely comple-
mentary to the 20-nucleotide-long targeted miRNAs. The 
structure of the inhibitors is modified to improve resistance 
to nucleases and specificity by increasing their affinity to tar-
geted miRNA.

In the current issue of Circulation Research, Di Gregoli 
et al9 report a study on the functional relevance of microR-
NA-181b (miR-181b) in atherosclerotic lesion development 
and aneurysm formation. Progressive atherosclerotic plaque 
development was studied in which macrophages and a bal-
ance in matrix turnover, controlled by MMPs and TIMPs, 
was explored. Granulocyte macrophage colony-stimulating 
factor, present in unstable atherosclerotic lesions, promotes 
a more invasive and proapoptotic macrophage phenotype.10 
Di Gregoli et al observed that in macrophages, granulocyte 
macrophage colony-stimulating factor reduces TIMP-3 pro-
tein levels by increasing miR-181b. The authors could dem-
onstrate that miR-181b inhibition promotes a stable plaque 
and aneurysm phenotype by restoring TIMP-3 expression in 
macrophages.

Previously, miR-181b has been linked to vascular inflam-
mation in atherosclerosis. Endothelial dysfunction contributes 
to the development of both acute inflammatory disease states, 
such as endotoxemia and sepsis, and chronic inflammatory dis-
ease states, such as atherosclerosis, diabetes mellitus, rheuma-
toid arthritis, and inflammatory bowel disease. Interestingly, 
miR-181b serves as a potent regulator of downstream nuclear 
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factor-κB (NF-κB) signaling in the vascular endothelium by 
targeting IPOA3 (importin-α3), a protein that is required for 
nuclear translocation of NF-κB.11 By systemic administra-
tion of miR-181b mimics, downstream NF-κB signaling was 
reduced and leukocyte influx in the vascular endothelium 
decreased, including reduced lung injury and mortality in 
endotoxemic mice. Systemic delivery of miR-181b, thereby 
increasing miR-181b levels, protects ApoE−/− mice from ath-
erosclerosis, by reducing the expression of IPOA3 and NF-κB 
p65 nuclear translocation in the vascular endothelium of le-
sions.12 Interestingly, enhancing miR-181b levels in macro-
phages could lead to a more M2 phenotype in atherosclerotic 
lesions, by targeting Notch1, thereby reducing total plaque 
areas, necrotic lesions, and cellular infiltration.13 Although 
these data seem counterintuitive to the study of Di Gregoli et 
al, where miR-181b inhibition could prevent atherosclerotic le-
sion progression, the delivery strategy of precursor miRNAs is 
still not as good developed as the delivery of miRNA inhibi-
tors. Here, miR-181b was intravenously injected on binding 
to lipophilic carriers, in a concentration that would probably 
only target circulating cells and the endothelial layer. Hereby, 
one could specifically target the endothelial barrier and not the 
leucocytes, whereas in the study by Di Gregoli et al, potent 
miRNA inhibitors are used in a much higher concentration and 
thereby potentially affects multiple cell types. These examples, 

also highlighted in Figure, demonstrate the need for better and 
more specific targeting of miRNA therapeutics,14 nicely dem-
onstrated by miR-181b being expressed in multiple cell types 
and thereby regulating different targets. Although potential side 
effects might be reduced because a specific miRNA can have 
different targets in different cell types, or for example, different 
isoforms are used for importin-α isoforms in endothelial cells 
(IPOA3) and peripheral blood mononuclear cells. Therefore, 
miR-181b–mediated effects occurred primarily in the vascular 
endothelium and independent of NF-κB inhibition in lesional 
macrophages or peripheral blood mononuclear cells.13

Future Perspective
miR-181b is a nice example of newly discovered regulatory 
noncoding RNA molecules that have a powerful regulatory 
effect. The strong phenotypic effects in the preclinical mod-
els suggest that introducing both precursor miRNAs as well 
as miRNA inhibitors might be worth for future interventions 
to prevent unstable plaque formation and destabilization of 
aortic walls and thereby reducing vascular rupture. However, 
although promising as new therapeutic strategies, one have 
to take into account that still more and better targeting, for 
example, as demonstrated via E-selectin–targeted delivery of 
microparticles that carry mIR-181b,16 is needed to specifically 
target most successful cell types for stabilization.

Figure. Proposed roles of microRNA-181b (miR-181b) in atherosclerosis. GM-CSF indicates granulocyte macrophage colony-
stimulating factor; MMP, matrix metalloproteinase; and NF-κB, nuclear factor-κB.  Figure adapted from Servier Medical Art, via a Creative 
Commons Attribution 3.0 Unported License, with data derived from *An et al,13 ^Di Gregoli et al,9 $Sun et al,12 and #Li et al.15

 by guest on Septem
ber 1, 2017

http://circres.ahajournals.org/
D

ow
nloaded from

 

http://circres.ahajournals.org/


Sluijter and Pasterkamp  miRNA Inhibition to Block Atherosclerosis  7

Acknowledgments
This research forms part of the Project P1.05 LUST of the research 
program of the BioMedical Materials institute, cofunded by the 
Dutch Ministry of Economic Affairs. We furthermore gratefully ac-
knowledge the financial support of the Netherlands CardioVascular 
Research Initiative (CVON): the Dutch Heart Foundation, Dutch 
Federation of University Medical Centers, the Netherlands 
Organization for Health Research and Development, and the Royal 
Netherlands Academy of Sciences.

Disclosures
None.

References
 1. Sluijter JP, de Kleijn DP, Pasterkamp G. Vascular remodeling and prote-

ase inhibition–bench to bedside. Cardiovasc Res. 2006;69:595–603. doi: 
10.1016/j.cardiores.2005.11.026.

 2. Sierevogel MJ, Pasterkamp G, Velema E, de Jaegere PP, de Smet BJ, 
Verheijen JH, de Kleijn DP, Borst C. Oral matrix metalloproteinase in-
hibition and arterial remodeling after balloon dilation: an intravascular 
ultrasound study in the pig. Circulation. 2001;103:302–307.

 3. van Beusekom HM, Post MJ, Whelan DM, de Smet BJ, Duncker DJ, 
van der Giessen WJ. Metalloproteinase inhibition by batimastat does not 
reduce neointimal thickening in stented atherosclerotic porcine femo-
ral arteries. Cardiovasc Radiat Med. 2003;4:186–191. doi: 10.1016/j.
carrad.2004.02.004.

 4. Newby AC. Metalloproteinases promote plaque rupture and myocardial 
infarction: a persuasive concept waiting for clinical translation. Matrix 
Biol. 2015;44–46:157–166. doi: 10.1016/j.matbio.2015.01.015.

 5. Feinberg MW, Moore KJ. MicroRNA regulation of atherosclerosis. Circ 
Res. 2016;118:703–720. doi: 10.1161/CIRCRESAHA.115.306300.

 6. Raffort J, Lareyre F, Clement M, Mallat Z. Micro-RNAs in abdominal 
aortic aneurysms: insights from animal models and relevance to human 
disease. Cardiovasc Res. 2016;110:165–177. doi: 10.1093/cvr/cvw046.

 7. Jones Buie JN, Goodwin AJ, Cook JA, Halushka PV, Fan H. The role 
of miRNAs in cardiovascular disease risk factors. Atherosclerosis. 
2016;254:271–281. doi: 10.1016/j.atherosclerosis.2016.09.067.

 8. Krützfeldt J, Rajewsky N, Braich R, Rajeev KG, Tuschl T, Manoharan 
M, Stoffel M. Silencing of microRNAs in vivo with ‘antagomirs’. 
Nature. 2005;438:685–689. doi: 10.1038/nature04303.

 9. Di Gregoli K, Mohamad Anuar NN, Bianco R, White SJ, Newby AC, 
George SJ, Johnson JL. MicroRNA-181b controls atherosclerosis 
and aneurysms through regulation of TIMP-3 and elastin. Circ Res. 
2017;120:49–65. doi: 10.1161/CIRCRESAHA.116.309321.

 10. Di Gregoli K, Jenkins N, Salter R, White S, Newby AC, Johnson JL. 
MicroRNA-24 regulates macrophage behavior and retards atherosclero-
sis. Arterioscler Thromb Vasc Biol. 2014;34:1990–2000. doi: 10.1161/
ATVBAHA.114.304088.

 11. Sun X, Icli B, Wara AK, Belkin N, He S, Kobzik L, Hunninghake GM, 
Vera MP, Blackwell TS, Baron RM, Feinberg MW; MICU Registry. 
MicroRNA-181b regulates NF-κB-mediated vascular inflammation. J 
Clin Invest. 2012;122:1973–1990. doi: 10.1172/JCI61495.

 12. Sun X, He S, Wara AK, Icli B, Shvartz E, Tesmenitsky Y, Belkin N, Li 
D, Blackwell TS, Sukhova GK, Croce K, Feinberg MW. Systemic deliv-
ery of microRNA-181b inhibits nuclear factor-κB activation, vascular 
inflammation, and atherosclerosis in apolipoprotein E-deficient mice. 
Circ Res. 2014;114:32–40. doi: 10.1161/CIRCRESAHA.113.302089.

 13. An TH, He QW, Xia YP, Chen SC, Baral S, Mao L, Jin HJ, Li YN, Wang 
MD, Chen JG, Zhu LQ, Hu B. MiR-181b antagonizes atherosclerotic 
plaque vulnerability through modulating macrophage polarization by 
directly targeting notch-1 [published online ahead of print October 8, 
2016]. Mol Neurobiol.

 14. Kwekkeboom RF, Lei Z, Doevendans PA, Musters RJ, Sluijter JP. 
Targeted delivery of miRNA therapeutics for cardiovascular diseases: 
opportunities and challenges. Clin Sci (Lond). 2014;127:351–365. doi: 
10.1042/CS20140005.

 15. Li TJ, Chen YL, Gua CJ, Xue SJ, Ma SM, Li XD. MicroRNA-181b pro-
motes vascular smooth muscle cells proliferation through activation of 
PI3K and MAPK pathways. Int J Clin Exp Pathol. 2015;8:10375–10384.

 16. Ma S, Tian XY, Zhang Y, Mu C, Shen H, Bismuth J, Pownall HJ, Huang 
Y, Wong WT. E-selectin-targeting delivery of microRNAs by micropar-
ticles ameliorates endothelial inflammation and atherosclerosis. Sci Rep. 
2016;6:22910. doi: 10.1038/srep22910.

Key Words: Editorials ■ aneurysm ■ atherosclerosis ■ biomarker 
■ microRNAs ■ obesity by guest on Septem

ber 1, 2017
http://circres.ahajournals.org/

D
ow

nloaded from
 

http://circres.ahajournals.org/


Joost P.G. Sluijter and Gerard Pasterkamp
MicroRNAs: The Swing Voters in Vascular Disease Waiting for a Program

Print ISSN: 0009-7330. Online ISSN: 1524-4571 
Copyright © 2017 American Heart Association, Inc. All rights reserved.
is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation Research 

doi: 10.1161/CIRCRESAHA.116.310215
2017;120:5-7Circ Res. 

 http://circres.ahajournals.org/content/120/1/5
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://circres.ahajournals.org//subscriptions/

is online at: Circulation Research  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer about this process is available in the

located, click Request Permissions in the middle column of the Web page under Services. Further information
Editorial Office. Once the online version of the published article for which permission is being requested is 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not theCirculation Researchin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on Septem
ber 1, 2017

http://circres.ahajournals.org/
D

ow
nloaded from

 

http://circres.ahajournals.org/content/120/1/5
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circres.ahajournals.org//subscriptions/
http://circres.ahajournals.org/



