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Outline of the Thesis 9

The aim of the present dissertation was to investigate, how the endothelium, the inner 
lining of all blood vessels, experiences and compensates different forms of internal and 
external forces to maintain its integrity and function. Thereby, a special focus was placed 
on the question, how an imbalance between endogenous and exogenous forces or rather 
their perception might initiate and maintain vascular disease in the pulmonary circulation?

The first difficulty in this context was that the process of endothelial barrier regulation, 
which defines its integrity at a given time and under a given condition, is highly complex 
and involves numerous structures and functions of the endothelial cell (EC). Common 
endpoint assays are thereby insufficient to quantify these dynamic and often transient 
changes in their entirety, which is mostly due to their limited temporal resolution. 
Chapter II, as a methodological chapter, establishes an extended protocol allowing 
the continuous, automated study of cell attachment, spreading and proliferation as 
well as the quantification of barrier integrity, cell motility, wound healing and effects 
of chemical, mechanical and physical stimulations on EC within a confluent layer. This 
protocol was published in the Journal of Visualized Experiments, found application 
throughout the different chapters of the thesis, and was viewed over 9000 times on 
the journal’s website (between April 2014 to April 2016).

One of the major players in fundamental cellular processes, such as motility, cell 
shape, membrane trafficking, membrane ruffling, and cell polarity is the small GTPase 
RhoA. By virtue of its ability to orchestrate endogenous forces via the initiation of 
actin-myosin based EC contraction. Over the past decades, RhoA has been implicated 
as a negative regulator of the endothelial barrier, because classically, RhoA activation 
by vasoactive substances, such as thrombin, was associated with a loss of endothelial 
barrier integrity. More recent data, however, indicated that RhoA also exerts barrier 
protective effects, which presents a potential obstacle for therapies aiming at chronic 
RhoA inhibition to improve conditions of increased vascular leakage, such as shock, 
trauma, sepsis, pneumonia, or burns. Encouraged by our finding that long-term 
inhibition of RhoA leads to endothelial barrier weakness and following-up on previous 
work, the role of the cytoskeletal regulator RhoA in endothelial barrier maintenance 
was investigated in Chapter III. The surprising finding here was that distinct spatio-
temporal RhoA activities are associated with disruption and re-annealing of endothelial 
junctions dependent on the activation status of the endothelium. This study got published 
in Cardiovascular Research, highlighted by an editorial, represented on the cover of 
the journal, and recommended by the faculty of F1000 for its significance to the field and  
interesting hypothesis.

Through its direct contact with the flowing blood the endothelium is not only exposed 
to chemical stimuli that initiate cell contraction and thereby potentially destabilize 
the barrier, but also constantly has to balances and adapt to exogenous forces. Here, 
the role of ‘classical’ biomechanical forces, such as shear stress and cyclic stretch, are 
well recognized. Loss of cell-cell junctional integrity caused by supra-physiological 
levels or pathological patterns of classical forces leading to endothelial damage, hyper-
permeability and vascular remodeling is associated with many pathological disorders 
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including hypertension. However, the endothelium is also exposed to forces that are less 
recognized. Changes in gravitational forces are known to cause detrimental effects on 
the cardiovascular system and cellular functions resembling age related diseases when 
applied over a long duration. Yet, it remained unknown, if and how EC experience 
sudden changes in gravitational forces. To shed light on this question, the effects of 
classical mechanical forces on junctional integrity were compared to simulated hyper- and 
hypo-gravity in Chapter IV. This study was carried out utilizing dedicated ground-based 
facilities at the European Space Research and Technology Center (ESA-ESTEC, Noordwijk, 
The Netherlands) of the European Space Agency (ESA) and showed that EC can distinguish 
between hyper- and hypo-gravity and adapt promptly and specifically. These data got 
published in PLoS ONE and the combined efforts of the research team and ESA resulted in 
the JUNCTION project that aims to study EC gravity-responses under real weightlessness 
on board of the International Space Station (ISS).

In Chapter V the newly established measurement tools and model systems were 
applied in a translational approach to study the mechanobiology of the lung endothelium 
in Pulmonary Arterial Hypertension (PAH). PAH is a life threatening lung disease 
characterized by vast endothelial dysfunction and consequent obliterative remodeling 
of the lung microvasculature. Altered pulmonary hemodynamics and a subsequent 
increased fluid shear stress in lung capillaries and pre-capillaries are well recognized in 
the pathogenesis of PAH. However, the response of pulmonary EC from PAH patients 
to increased shear stress has never been tested. Therefore, we established a biobank 
of patient derived lung EC and their morphological and functional adaptation was 
characterized under pathological flow conditions comparable to the in-vivo situation. 
Our investigation unveiled a defective shear-responsiveness, specific to the microvascular 
lung endothelium that was caused by a post-translational modification of the shear-
sensor protein platelet endothelial cell adhesion molecule (PECAM-1). This study was 
published and represented on the front cover of the high profile journal American Journal 
of Respiratory and Critical Care Medicine and highlighted by an Editorial.

Chapter VI revises several paradigms of PAH in light of our previous findings regarding 
EC shear-responses with the aim to identify promising targets for future research and 
enhance the understanding of the disease pathogenesis. We specifically focused on 
possible relationships between an altered pulmonary blood flow (PBF) and the altered EC 
phenotype found in the pulmonary vascular wall of PAH patients. The ‘cancer paradigm’ 
of PAH, a current pathobiological concept that considers PAH as a ‘quasi-malignant’ 
disease characterized by hyper-proliferation and apoptosis resistance, stood model for 
the discussion that was published in Vascular Pharmacology. 

The PhD-thesis is concluded in Chapter VII that summarizes the obtained findings, 
places them into context and adds conclusive remarks.


