
The role of 14q32 microRNAs in vascular remodelling
Welten, S.M.J.

Citation
Welten, S. M. J. (2017, March 9). The role of 14q32 microRNAs in vascular remodelling.
Retrieved from https://hdl.handle.net/1887/47467
 
Version: Not Applicable (or Unknown)

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/47467
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/47467


 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/47467  holds various files of this Leiden University 
dissertation 
 
Author: Welten, S.M.J. 
Title: The role of 14q32 microRNAs in vascular remodelling 
Issue Date: 2017-03-09 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/47467
https://openaccess.leidenuniv.nl/handle/1887/1�


Cardiovasc Res 2016 May 1;110(1):6-22

SMJ Welten1,2

1,2

1,2†

1,2†

   

†

1 2

Chapter 2



Chapter 2

Abstract

      



29

MicroRNAs in vascular remodelling

2

MicroRNAs

1

Vascular remodelling

2

.

. 

. 

10.



Chapter 2

11

Janus phenomenon



31

MicroRNAs in vascular remodelling

2

Non-standard Abbreviations and Acronyms 

3’UTR 3’untranslated region 

AAA Abdominal aortic aneurysm 

AAV Adeno-associated virus 

AngII Angiotensin II 

CAD Coronary artery disease 

CVD Cardiovascular disease 

EC Endothelial cell 

HDL High density lipoprotein 

IA Intracranial aneurysm 

LNA Locked nucleic acid 

miR MicroRNA 

MO Morpholino 

MP/MV Microparticle/Microvesicle  

MSC Mesenchymal stem cell 

oxLDL Oxidized low density lipoprotein 

PBMC Peripheral blood mononuclear cell 

siRNA Small interfering RNA 

TLR Toll-like receptor 

(V)LDL (very) low density lipoprotein 

(V)SMC (vascular) smooth muscle cell 

Abbreviations of NCBI-Annotated Target Genes  

ABCA1 ATP-binding cassette transporter A1 

ACAT1 Acyl-CoA cholesterol acyltransferase-1 

ACE Angiotensin converting enzyme 

ANGPTL3 Angiopoietin-like 3 

ARF6 ADP ribosylation factor 6 

AT1R Angiotensin II type 1 receptor 

BCL2 / 6 B-cell lymphoma 2 / 6 

bFGF Basic fibroblast growth factor 

BIC B cell integration cluster 

BMP4 Bone morphogenetic protein 4 

CCL2/MCP1 Monocyte chemoattractant protein 1 

CD146 Cluster of differentiation 146 (melanoma cell adhesion molecule) 

CDK4 Cyclin dependent kinase 4 

  

CXCL12/SDF1 Stromal derived factor-1 

CXCR4 Chemokine (C-X-C motif) receptor 4 

DGAT2 Diacylglycerol O-acyltransferase 2 

DLK1 NOTCH1 inhibitor delta-like 1 homolog 

E2F1 E2F transcription factor 1 

EFNB2 Ephrin B2 

eNOS Endothelial nitric oxide synthase  

ERK1/2 Extracellular-signal-related kinase 1/2 

ETS-1 V-ets avian erythroblastosis virus E26 oncogene homolog 1 

FGFGR2 Fibroblast growth factor receptor 2 

FLT1 VEGF receptor fms-related tyrosine kinase 1 

FOXO3 / 4 Forkhead box O 3 / 4 

FSR2 Fibroblast growth factor receptor substrate 2 

FZD4 Frizzled class receptor 4 

GATA2 GATA Binding Protein 2 

GPAM glycerol-3-phosphate acyltransferase 1 mitochondrial 

 Hypoxia inducible factor 1 / 2, alpha subunit 

HKII Hexokinase II 

HMGB1 HMG box-transcription protein 1 

HMOX1 Heme oxygenase 1 

ICAM1 Intracellular cell adhesion molecule 1 

IGF1 Insulin-like growth factor 1 
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IL33 Interleukin 33 

INSIG1 Insulin induced gene 1 

IRS1 / 2 Insulin receptor substrate 1 / 2 

  

JAK1 Janus Kinase 1 

KLF2 / 4 / 5 Krüppel-like factor 2 / 4 / 5 

LPL Lipoprotein lipase 

LRP6 LDL receptor related protein 6 

MCP1/CCL2 Monocyte chemoattractant protein 1 

MEF2a Myocyte enhancer factor 2 

MEG3 Maternally expressed gene 3 

MIF Macrophage migration inhibitory factor 

MKK4 Mitogen-Activated Protein Kinase Kinase 4 

MMP1 / 3 Matrix metalloproteinase 1 / 3 

MRTFA Myocardin related transcription factor A  

Myd88 myeloid differentiation primary response gene 

PAK4 p21-activated kinase 4 

PIK3R2 Phosphoinositide-3-kinase, regulatory subunit 2 

 Proliferator-activator receptor gamma 

PPP2R2A Protein phosphatase 2 regulatory subunit B, alpha 

RGS16 Regulator of G protein signalling 16 

SDF1/CXCL12 Stromal derived factor-1  

SEMA6A / 6D / 3B Semaphorin 6A / 6D / 3B 

SMAD3 SMAD family member 3 

SOCS1 / 5 Suppressor of cytokine signalling 1 / 5 

SPRED1 Sprouty-related, EVH1 domain containing 1 

SREBPs Sterol regulatory element-binding proteins 

SRF Serum response factor 

TAB2 TGF- kinase1/MAP3K7 binding protein 2 

 Transforming growth factor beta (2) 

  

TIMP3 Tissue inhibitor of metalloproteinase 3 

TLR4 Toll like receptor 4 

TNF-  Tumor necrosis factor alpha 

TRIF TIR-domain-containing adapter-inducing interferon-  

uPA urokinase-type plasminogen activator 

VCAM1 Vascular cell adhesion molecule 1 

VE-cadherin Vascular endothelial cadherin 

VEGF Vascular endothelial growth factor 
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Figure 4. The role of the miR-17-92 cluster in vascular remodelling.
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Figure 6. The miR-143/145 cluster in vascular remodelling.
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Figure 7. Roles for 14q32 miRs in vascular remodelling.
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Figure 8. Graphical abstract.
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MicroRNA Confirmed Targets Biological process affected 

miR-126 VCAM1
20

, SPRED1 and 

PIK3R2
21-23

 

Angiogenesis, vascular integrity 

SDF1/CXCL12
25, 26

 Migration of CD34
+ 

progenitor cells 

RGS16
25

 Recruitment of Sca-1+ endothelial progenitor cells, 

atherosclerosis 

FOXO3, BCL2 and IRS1
30

 VSMC turnover 

DLK1 (miR-126-5p)
31

 Endothelial repair, atherosclerosis 

miR-155  SOCS1
36

 Proinflammatory signalling 

TAB2
37

 Anti-inflammatory signalling 

PU.1
38

 Monocyte/macrophage infiltration, T lymphocyte 

activation 

AT1R
39

, ETS-1
35

 HUVEC activation and migration 

AT1R
40

, SOCS1
40

 Angiogenesis, Arteriogenesis 

BCL6, CCL2
42

 Atherosclerosis 

HMGB1
47

 Foam cell formation 

MMP1 and MMP3
49

 Matrix degradation 

miR- 

23-24-27 

miR-23 and miR-

27 

SEMA6A, SEMA6D, 

SPROUTY2
62

 

EC sprouting, angiogenesis 

miR-23b E2F1
56

 Rb phosphorylation, EC growth arrest 

uPA, SMAD3, FOXO4
74

 VSMC phenotypic switching 

miR-24 GATA2, PAK4
68

 Vascularity, cardiac function and infarct size after 

myocardial infarction 

NDST1
70

 HSPG sulfation and affinity of HSPGs for VEGF, 

endothelial cell responsiveness to VEGFA 

HMOX1
69

 SMC apoptosis and proliferation 

INSIG1
72

 Lipid accumulation and plasma triglyceride levels 

CHI3L1
77

 Inflammation, AAA formation 

miR-27a VE-cadherin
67

 Vascular leakage 

miR-27b ABCA1, LPL, ACAT1
73

 Cholesterol efflux, lipid uptake and cholesteryl ester 

formation 

miR-17-92 miR-17-92 TSP1, CTGF
125

 Tumour angiogenesis 

miR-17/20 JAK1
53

 Angiogenesis 

miR-19a CyclinD1
57

 EC proliferation 

FZD4 and LRP6
54

 WNT signalling, arteriogenesis 

miR-92a 

 

 

 

 

KLF2, KLF4, SOCS5
59

 Endothelial homeostasis, atherosclerosis 

ITGA5
52

 Blood flow recovery after ischemia and LV function 

after myocardial infarction 

KLF4 and MKK
60

 EC proliferation and migration 

miR-143/145 miR-143/145 
92

 Angiogenesis, vessel stability 

ACE
85

 Atherosclerosis 

miR-143 ELK1
84

 VSMC proliferation 

AKT
88

 Angiogenesis, tumorigenesis 

miR-145 

 

IGF-I, IRS1
86, 87

 Tumour angiogenesis 
89

 Angiogenesis 

KLF5
91

 Transdifferentiation of fibroblasts to myofibroblasts, 

neointima formation 

KLF4
82

 VSMC differentiation  

JAMA1
97

 Leukocyte recruitment 

ABCA1
98

 Cholesterol efflux 

14q32 miRs        

            

            

            

            

miR-329 MEF2a
101

, CD146
104

 Angiogenesis, Arteriogenesis, EC proliferation 

miR-494 

 

VEGFA, EFNB2, FGFR2
101

 Angiogenesis, Arteriogenesis, myofibroblast 

proliferation 

TIMP3, TGFB2, IL33
108

 Atherosclerosis 

miR-376b-5p HIF1a/VEGF signalling 

pathway
105

 

Angiogenesis 

miR-377 VEGFA
106

 Angiogenesis 

miR-136 PPP2R2A
109

 VSMC proliferation 

miR-758 ABCA1
110

 Cholesterol efflux 

miR-370 CPT
112

  

miR-487b IRS1
114

 Outward remodelling of the aorta 
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