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RESEARCH SUMMARY 

The ultimate goal of cardiovascular medicine is to reduce the global burden of 
cardiovascular disease and to improve the patients’ quality-of-life. Fundamental to 
the development of successful medical treatments for cardiovascular diseases is an 
in-depth knowledge of the disease process, i.e. knowledge on the molecular signaling 
cascades in healthy cells and an in-depth understanding of how these molecular 
pathways get disturbed during disease. Endothelial homeostasis plays crucial role in 
vascular health by preventing unwarranted thrombosis, inlammation and regulating 
vascular tone. Endothelial dysfunction is a culprit in the development of many 
cardiovascular pathologies (1-3). Hence, insight into the molecular mechanisms that 
underlie endothelial dysfunction might allow for the discovery of innovative drugable 
targets to reduce the cardiovascular disease burden.

Adverse endothelial plasticity and its specialized form Endothelial-mesenchymal 
transition (EndMT) contributes to the development of multiple cardiovascular diseases 
including atherosclerosis (4, 5) and cardiac ibrosis (6). The pleiotropic cytokine TGFβ(7), 
inlammation (8) and oxidative stress (9) are established inducers of EndMT through 
the activation of canonical and non-canonical TGFβ signaling and the concurrent 
induction of mesenchymal gene expression by the transcription factors SNAIL, SLUG, 
TWIST1 and GATA4 (10, 11). The induction of gene expression is not only regulated 
by changes in transcription factor binding to the DNA, but also by the accessibility 
of the DNA to these transcription factors, which is tightly regulated by epigenetics. 
(Chapter 1 and Chapter 2) Epigenetic modiications, through changes in histone tail 
modiications and DNA methylation, facilitate the compaction and decompaction of 
the DNA, thereby orchestrating its accessibility to transcription factors. Furthermore, 
transcribed genes are not always translated into proteins, as non-coding RNAs might 
induce posttranscriptional inhibition. In Chapter 2, we proposed to therapeutically 
target epigenetic enzymes in the pro-atherogenic endothelium to ameliorate 
atherosclerosis development. We used the histone methyltransferase EZH2 and the 
histone deacetylase SIRT1 to exemplify how their pleiotropic functions can preclude 
atherosclerosis pathways and safeguard endothelial homeostasis. 

In following chapters, we investigated the molecular mechanisms that drive EndMT 
with a focus on the multi-layered regulatory system consisting of epigenetic and post-
transcriptional modiications. Furthermore, we investigated how these mechanisms 
contribute to the development of intimal hyperplasia and cardiac ibrosis. 

ADVERSE ENDOTHELIAL PLASTICITY CONTRIBUTES TO THE DEVELOPMENT OF INTIMAL HYPERPLASIA

Intimal hyperplasia is an initiating event of atherosclerosis development and yet the 
molecular epigenetic mechanism is still elusive. Intimal hyperplasia is the consequence 
of migration and proliferation of ibro-proliferative cells in the tunica intima and which 
thickens the vascular wall (12). The origin of these ibro-proliferative cells is extensively 
investigated, and at least four types of cells are shown to give rise myoibroblast-like 
cells in the hyperplastic intima, i.e. resident ibroblasts, smooth muscle cells, endothelial 
cells and circulating progenitor cells.  Vein grafting in an arterial environment by the 
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coronary artery bypass surgery (CABG) can trigger intimal hyperplasia and occlude the 
grafted vein (13), suggesting the importance of the EndMT in development of intimal 
hyperplasia. Also, endothelium-derived ibroproliferative cells accumulate in vascular 
areas exposed to low oscillatory shear stress where intimal hyperplasia is eminent (5)
(14). Vice versa, vascular areas exposed to high laminar shear stress contain quiescent 
endothelial cells that are refractory to EndMT (14). Collectively, these data imply that 
luid shear stress is a pivotal determinant of EndMT.

Figure 1.  High laminar shear stress-induced MAPK7 activation precludes TGFβ-induced Endothelial-

Mesenchymal transition. Upon high laminar shear stress, endothelial MAPK7 signaling is activated. The 
downstream transcription factors of MAPK7, such as KLF4, are known to induce production of nitric oxide. The 
activation of MAPK7 signaling further results in the inhibition of TGFβ signaling by SMAD2/SMAD3, thereby 
inhibiting EndMT (14)

In Chapter 3, we uncovered that at sites of intimal hyperplasia, MAPK7 expression 
and activity is silenced by microRNA-374b. MicroRNA-374b expression is induced by 
TGFβ and silences 4 target genes in the MAPK7 signaling cascade, i.e. MAP3K3, MAPK7, 
MEF2D and KLF4. Ectopic expression of microRNA-374b in endothelial cells, induces 
EndMT in the absence of exogenous TGFβ, suggesting that the microRNA-374b-
dependent silencing of MAPK7 signaling is pivotal to intimal hyperplasia. Indeed, 
the expression of microRNA-374b is increased in experimental models of intimal 
hyperplasia where MAPK7 signaling is lost. (Figure 2). Moreover, in patients sufering 
from coronary artery disease, the expression of microRNA-374b associates with disease 
severity and with a decreased expression of MAPK7.
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Figure 2. MicroRNA - 374b inhibits MAPK7 signaling and induces EndMT. MicroRNA-374b is induced upon TGFβ1 
stimulation and silences 4 members of the MAPK7 signaling cascade. This silencing mechanism explains how the MAPK7 

signaling cascade is silenced by TGFβ in endothelial cells. 

Intimal hyperplasia is progressive process, which narrows the vascular lumen by the 
accumulation of ibroproliferative cells. How endothelium-derived ibroproliferative cells lose 
their quiescence and acquire this hyper-proliferative behavior is still elusive. 

In Chapter 4, we uncovered that under atheroprotective - high laminar shear stress, the 
expression of the histone methyltransferase EZH2 is decreased. EZH2 is an epigenetic enzyme 
that tri-methylates lysine 27 on histone 3  (H3K27me3), which results in transcriptional 
repression (15). The increase in EZH2 is associated with elevated expression of cell cycle genes 
and increased proliferation of endothelial cells.  It is still elusive how the reduction in EZH2 can 
result in a reduced cell cycling ability of endothelial cells, we conclude that the high laminar 
shear stress-dependent decrease in EZH2 expression facilitates endothelial quiescence (16). 
(Figure 3) 
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Figure 3. Uniform laminar shear stress mediated endothelial quiescence is mediated by the EZH2 

decline. Under the shear stress MAPK7 get phosphorylated and activated. This activation led to the decline in 
histone methyltransferase EZH2 protein level. RNA sequencing result revealed that both EZH2 decline and high 
laminar shear stress can inhibit cell cycle genes, which may explain to a certain extend how endothelial cells 
acquire endothelial quiescence. 

In Chapter 4, we noted that there was reciprocity between MAPK7 signaling and 
EZH2 expression, which cannot be explained by a direct interaction.  Therefore, in 
Chapter 5, we investigated the reciprocity between MAPK7 and EZH2. Uniform laminar 
shear stress induces the MAPK7-dependent expression of microRNA-101 that silences 
EZH2 expression. Reciprocally, the loss of EZH2 expression results in the expression 
of microRNAs that target DUSP1 and 6, which inactivate MAPK7. In human coronary 
artery stenosis, EZH2, DUSP1 and DUSP6 level are increased whereas MAPK7 expression 
is reduced. Moreover microRNA-101 expression is decreased which is associated with 
an increase in EZH2 and the severity of the stenosis. These data might explain the 
diference in the development of intimal hyperplasia at sites exposed of high laminar 
shear stress and low oscillatory shear stress (Figure 4).  
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Figure 4.  Reciprocal crosstalk between pMAPK7 and EZH2. Upon high laminar shear stress MAPK7 gets 

activated which induces the expression of miR-101. Consequentially, the expression of EZH2 is silenced. On 
the other hand, EZH2 modulates the expression of miRNAs through H3k27me3 – a repressive chromatin mark. 
The decline of EZH2 leads to open chromatin, which elevates the expression level of these microRNAs. The 
microRNAs further silence the DUSP1 and DUSP6. This leads less protein expression of MKP-1 and MKP-3 which 
removes MAPK7 phosphorylation mark, thereby MAPK7 phosphorylation kept high. 

ADVERSE ENDOTHELIAL PLASTICITY IN CARDIAC FIBROSIS 

Cardiac ibrosis is the fundamental pathology underlying heart failure for which 
no efective treatment is currently available. Plasma Galectin-3 levels are associated 
with all-cause mortality rate and recognized as a prognostic biomarker of cardiac 
ibrosis(17). GAL-3 knockdown attenuates cardiac ibrosis, indicating that Gal3 is not 
only a biomarker, but also a key molecule in the initiation of cardiac ibrosis (18). It 
has been reported that during cardiac ibrosis myoibroblast are derived from the 
endothelial lineage through EndMT(6).  Hence, in Chapter 6, we investigated if Gal-
3 could induce of EndMT.  Although Gal-3 is generally believed to signal through a 
number of receptors, the addition of recombinant human Gal-3 did not induce or 
aggravate EndMT. In contrast, the loss of endogenous Gal-3 precluded TGFβ-induced 
EndMT via unknown mechanism. These data suggest that Gal-3 might act as a 
transcriptional co-activation during TGFβ-induced EndMT (19, 20), which is currently 
under investigation 

CONCLUSIONS

Endothelial-mesenchymal transition is a crucial component of atherosclerosis and 
cardiac ibrosis development and shown to be modulated by luid shear stress. In this 
thesis, we show that endothelial-mesenchymal transition is regulated on multiple 
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levels by MAPK7, EZH2 and microRNAs and found dysregulation of these factors in 
experimental models of intimal hyperplasia and in human coronary artery disease. 
We uncovered a number of pivotal regulators of EndMT that might have therapeutic 
potential to ameliorate intimal hyperplasia and cardiac ibrosis. 
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