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GENERAL INTRODUCTION

The cardiovascular system is a complex network formed by numerous 
connected blood vessels that are embedded in tissue throughout the 
human body. Removing all tissues leaving only the vascular system intact 
fully outlines the shape of the human body showing the high density 
of blood vessels in our tissues and organs. Proper function of this high 
density network is essential for human health, since it provides our 
body with nutrients, oxygen, hormones and regulates homeostasis by 
controlling temperature and pH. In addition, the vascular system provides 
guidance to traveling and stationary immune cells and thereby supports 
protective immune functions that keep our body free of pathogens, 
cancer and foreign material 1,2. For example, macrophages lining the 
endothelial cells (EC) in the sinusoids of the liver catch and kill bacteria, 
that entered through the intestines, or kill circulating tumor cells, thus 
averting bacteremia, septic shock and liver metastasis 3. Moreover, during 
inflammation, ECs expose a variety of adhesion molecules at their surface 
that slow down and arrest travelling immune cells in the blood circulation. 
These adhesive molecules are thought to inform immune cells where and 
when to breach the blood vessel wall through a multi-step process known 
as transendothelial migration (TEM) or diapedesis 4.

TRANSENDOThELIAL mIGRATION ‘hOTSPOTS’

The regulation of immune cell trafficking is complex and goes far 
beyond our current understanding. Although much is yet to discover, 
intensive research over the past decade has revealed several fundamental 
principles that regulate cell migration in a variety of immune cell related 
responses such as hematopoiesis, immune surveillance and innate and 
adaptive immunity. The current paradigm of transendothelial migration 
is a refined version of the multi-step model that was first proposed by 
Butcher and Springer 5,6. The prevailing multistep paradigm comprises: 
leukocyte rolling, arrest, crawling, firm adhesion and transmigration. 
The latter occurs either through the endothelial junctions (paracellular 
route) 7,8 or through the endothelial cell body (transcellular route) 9–11. 
Interestingly, leukocyte diapedesis appears to occur at predefined places 
in the endothelium. Some locations even favor the migration of multiple 
immune cells that breach the endothelial lining in rapid succession. This 
raises some important questions, such as what factors determine these 
so called ‘hotspots for transmigration’, why do two routes exist and 
what defines the use of one over the other? So far, several key principles 
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have been established. First of all, immune cells are attracted towards an 
optimal concentration of chemokines (chemotaxis), density of adhesion 
molecules (haptotaxis) or cellular stiffness (durotaxis). Secondly, migration 
into a tissue or organ is believed to follow the path of least resistance 
(tenertaxis). In addition, other factors such as shear forces, vessel type 
and composition of the glycocalyx play an important regulatory role in 
dictating suitable exit sites (Fig. 1). I will briefly delineate each principle 
starting with chemotaxis. Chemokines (chemotactic cytokines) are of key 
importance for leukocyte TEM not only because of their involvement in 
chemotaxis but also because of their role in integrin activation inducing 
leukocyte arrest. There are some indications that oligomeric chemokine-
forms activate leukocyte-integrins directing leukocyte arrest and firm 
adhesion whereas monomeric-forms activate integrin subsets on the 
leukocyte that govern cell movement 12,13. Chemokines are immobilized 
by heparan sulfate (HS) glycosaminoglycans (GAGs) that are part of a 50-
100 nm thick, negatively charged network on the apical surface of EC 
called the glycocalyx 14. Transcytosis of chemokines, transport from the 
extracellular space to the luminal side of the vasculature, is considered as 
an important process to mark the site of inflammation. Macrophages are 
a major source for the production of chemokines. Recently, it has been 
shown that perivascular macrophages locally secrete chemokines that 
form local “hotspots” for neutrophil diapedesis in vivo 15. Thus, chemokines 
presented at the apical side of EC provide chemotactic cytokine gradients 
that direct traveling immune cells to a particular site in the body enabling 
them to fulfill their immune functions. In addition to that, an optimal 
amount and/or distribution of leukocyte-integrin ligands at the luminal 
surface of EC, has also been proposed to regulate leukocyte directional 
migration through so-called haptotaxis. High surface levels of ICAM-1 
creating a homogeneous ICAM-1 distribution induces a transition from 
paracellular to robust transcellular migration, while intermediate levels 
favor the paracellular route, possibly because of the high junctional ICAM-
1 distribution under these circumstances 16. Furthermore, migrating cells 
are thought to be attracted to an optimal surface stiffness also referred to 
as stiffness sensing or durotaxis. Migrating leukocytes sense their physical 
surroundings and respond accordingly. For example, neutrophils migrate 
slower on 4 kPa and 13 kPa fibronectin-coated surfaces whereas optimal 
crawling speeds were reached on 7 kPa. Interestingly, fibronectin density 
also affected the outcome of migration speed. Using FN concentrations of 
100 µg/ml, the optimal stiffness for migration is 4 kPa while on 10 µg/ml 
the optimal stiffness for maximal migration is increased to 7 kPa 17. This 
suggests that leukocyte TEM in vivo depends on the combination between 
matrix rigidity (durotaxis) and the amount and distribution of locally 
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available surface ligands (haptotaxis). Another phenomenon that is often 
observed when an endothelial barrier is very tight, is the predominant 
use of the transcellular route. This is in contrast to a situation of weak 
endothelial junctional integrity, which shows high association with 
paracellular diapedesis 18. To find these spots of low junctional resistance, 
lymphocytes dynamically probe the underlying endothelium by extending 
invadosome-like protrusions into its surface that deform the plasma 
membrane, depolymerize F-actin filaments at the membrane cortex and 
ultimately breach the barrier 18,19. These authors suggest that leukocyte 

Chemotaxis Haptotaxis Durotaxis

Tenertaxis Tissue specific diapedesisShear forces

Paracellular Transcellular

Lung

Skin

Cremaster

Lymph
node

Peritoneum

BBBTEM

Substrate stiffnessAdhesion molecules

Figure 1

Cellular stiffness

Para
Trans

Path of least resistance

Monomeric chemokines

GAG + oligomeric
            chemokines

a b c

d e f

Figure 1. Factors that determine ´hotspots´ for transendothelial migration. Several 
key principles are thought to govern leukocyte diapedesis at predefined places in the 
vasculature. In the first place leukocytes are attracted towards an optimal; (a) concentration 
of chemokines (chemotaxis), (b) density of adhesion molecules (haptotaxis) or (c) cellular 
stiffness (durotaxis). Oligomeric chemokine-forms bound to glycosaminoglycans (GAGs) 
are thought to direct leukocyte firm adhesion and arrest whereas monomeric chemokine-
forms govern directional cell movement. (d) Secondly, migration into a tissue or organ is 
believed to follow the path of least resistance (tenertaxis). Tenertaxis may affect the decision 
making to go trans or paracellular. Additional factors such as (e) shear forces and (f) vessel 
type play an important regulatory role in dictating suitable exit sites. The major route of 
transmigration into lung, skin and cremaster is believed to be the paracellular route whereas 
the transcellular route is recognized as the dominant route to enter the lymph node, blood 
brain barrier (BBB) or the peritoneum.
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transmigration is guided by a common principle namely ‘the path of least 
resistance’ named tenertaxis 18. Moreover, the impact of shear forces 
on leukocyte behavior has been established by several research groups. 
For instance, transmigration kinetics during neutrophil diapedesis was 
significantly faster under shear stress than under static conditions 20, 
and applying shear stress on adherent lymphocytes promoted leukocyte 
transmigration across chemokine-bearing ECs 21. Of note, most leukocyte 
adhesion and diapedesis is observed in areas with low venous shear stress. 
However, during some pathological conditions such as atherosclerosis, 
monocytes adhere and transmigrate through the endothelial lining of the 
arterial wall where shear stress is much higher. Mechanistically, it has 
been shown that leukocytes tether to and roll on platelet-decorated ultra-
large von Willebrand factor (ULVWF) string-like structures, but not directly 
on ECs. Using platelets as intermediate substrates, monocytes are able 
to transmigrate under high shear stresses varying between 20 and 40 
dyne/cm2 in a P-selectin dependent manner 22. Enhanced and prolonged 
inflammatory responses alter the balance in: leukocyte recruitment, 
platelet activation and endothelial activation, which is now generally 
accepted to be contribute to the progression of atherosclerosis 23,24.

Finally, leukocyte diapedesis across the blood brain barrier, the 
peritoneum or into the lungs is differentially regulated. For instance, 
neutrophil diapedesis in ICAM-1/P-selectin null mice is normal in the 
lungs but totally abrogated in the peritoneum 25. In another study, it has 
been shown that locking the endothelial junctions using a VE-cadherin- 
α-catenin fusion protein prevented leukocyte diapedesis, but not in all 
tissues. Diapedesis into lung, skin and cremaster muscle was severely 
reduced establishing the paracellular route as the dominant route in these 
tissues. However, the migration of naïve lymphocytes into lymph nodes 
and emigration of neutrophils into the peritoneum was not affected by 
junctional locking 26.

ThE DOCKING STRUCTURE

A widely observed phenomenon associated with leukocyte TEM is 
the formation of endothelial membrane protrusions rich in Filamentous 
(F)-actin that surround transmigrating leukocytes. These endothelial 
structures were first described by Barreiro and colleagues who defined 
them as docking structures 27. Other researchers found similar endothelial 
structures but proposed different names, e.g. transmigratory cups, apical 
cups, dome structures, ICAM-1-enriched contact areas, actin dynamic 
structures 10,28–32. The names where based on the hypothesized function 
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or morphology of these structures. Inspiring work of Carman and co-
workers showed that these structures, that are formed both during 
para- and transcellular diapedesis, were more frequently associated with 
leukocytes in the process of crossing the endothelial barrier than with 
firm adhesion prior to diapedesis 10. Many of these F-actin structures 
comprise vertical microvilli-like projections. These projections have been 
suggested to anchor endothelial adhesion receptors, such as ICAM-1 and 
VCAM-1. As such they may serve as migration-supporting platforms or 
adhesion substrates to assist leukocyte transmigration 33–37. It has been 
shown that assembly of F-actin, the major component and driving force 
to induce such apical projections, requires the activation of several small 
GTPases that include RhoG and Rac1 but not RhoA GTPase activity 28,38. 
Currently, the major proposed function of the docking structure is thought 
to provide guidance for transmigrating leukocytes 39.

PARACELLULAR AND TRANSCELLULAR mIGRATION

Breaching of the endothelial barrier by immune cells occurs either 
between the junctions, involving multiple ECs (paracellular route), or 
through the cell body of an individual endothelial cell (transcellular route). 
Each route has its own distinct mechanisms of endothelial barrier opening 
(Fig. 2). 

Paracellular migration is the main route taken by neutrophils to enter 
lung, skin and cremasteric tissue 8,26. Currently, two hypotheses to open 
EC junctions dominate the field of leukocyte diapedesis. The first is based 
on research conducted on GPCR signaling in ECs, such as thrombin-
induced junctional opening 40 and postulates that leukocytes induce 
actomyosin contraction in ECs triggering junctional opening 41–43. The 
second hypothesis anticipates that EC junctions are locally destabilized to 
allow migrating cells to squeeze through the transient gap in the junction. 
Recent evidence supporting the latter hypothesis shows that leukocytes 
trigger rapid dephosphorylation of Tyr731 via the tyrosine phosphatase 
SHP-2, which allowed the adaptin AP-2 to bind and initiate endocytosis 
of VE-cadherin. This destabilizes VE-cadherin-based junctions, allowing 
junctional opening and paracellular migration of leukocytes 44.

Transcellular migration is the major transmigration route used by 
neutrophils to enter the peritoneum and for lymphocytes to enter lymph 
nodes 26. The initiation of a transcellular passageway is thought to occur 
through fusion of ICAM-1 bearing endocytic vesicles forcing a transcellular 
pore that allows transcellular migration to occur 45. Several studies showed 
that transcellular migration, for instance in the peritoneum, is ICAM-1 
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dependent 16,25,26,45. The role of ICAM-1 in leukocyte TEM is proposed to 
make endocytic vesicle fusions happening through transient lymphocyte 
induced ICAM-1 clustering. If this occurs in areas with a high density of 
caveolae and actin stress fibers, ICAM-1 may associate with, and induce 
fusion of caveolae resulting in the formation of a transcellular pore. 
Lymphocytes search for sites where they can transmigrate by forming 
protrusions that constantly probe the endothelial surface for the perfect exit 
spot 45. In agreement with a role for endocytic vesicle fusion, chemotaxis 
during transcellular migration of lymphocytes was shown to be mediated 
by intraendothelial vesicle stores rather than by extracellular chemokine 
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Figure 2. Leukocyte diapedesis through or between endothelial cells. (a) The initiation 
of paracellular and transcellular transmigration is believed to involve distinct molecular 
mechanisms that allow transient endothelial permeability to leukocytes. Destabilization 
of VE-cadherin based cell-cell contacts is recognized as the major mechanisms that 
initiates the opening of the paracellular pathway. It is thought that leukocytes trigger rapid 
dephosphorylation of Tyr731 via the tyrosine phosphatase SHP-2 allowing the adaptin AP-2 
to bind and initiate endocytosis of VE-cadherin and thereby destabilize VE-cadherin based 
junctions. (b) The initiation of a transcellular passageway is thought to occur through fusion 
of ICAM-1 bearing endocytic vesicles forcing a transcellular pore allowing transcellular 
migration to occur. For both transmigration routes, endothelial pore opening is in part 
mediated by mechanical forces that are generated by migrating leukocytes. Polarized 
actin polymerization in the leukocyte elicits pulling and pushing forces that supports their 
movement through the confined endothelial pore.
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depots 46. Endocytic vesicle fusion supports a simultaneous release of 
chemokines and initiation of a transcellular passageway. In addition to 
ICAM-1 driven endocytic vesicle fusion events, local depolymerization of 
F-actin at the endothelial cell cortex turns out to make the endothelial cell 
less rigid in a confined region underneath the adherent leukocyte causing 
endothelial membrane to bend inwards until a transcellular pore has been 
formed 19,47. 

In conclusion, leukocyte transendothelial migration occurs paracellular 
and transcellular and is dependent on the microenvironment and tissue 
type. Each mode is distinctly regulated, transcellular diapedesis in 
particular involves vesicle fusion events whereas destabilization of VE-
cadherin has an essential role in junctional opening during paracellular 
diapedesis.

REGULATION OF RhO GTPASES ACTIVITY 

Leukocyte transendothelial migration requires proper Rho GTPase 
function in leukocytes as well as in the endothelium. Timed Rho GTPase 
activation and deactivation is therefore important for proper regulation 
of the diapedesis process. To understand how this is regulated I will 
now introduce the regulators of the regulators. Guanine-nucleotide 
exchange factors (GEFs) and GTPase activating proteins (GAPs) are the 
master regulators of Rho-family GTPases. In EC GEFs and GAPs regulate 
numerous cellular responses such as maintenance of stable endothelial 
cell-cell junctions or directional migration of leukocytes. Endothelial 
cells express over 22 Rho GTPases and more than 69 GEFs and a similar 
number of GAPs 53. The number of exchange factors is far greater than 
the number of Rho GTPases, indicating that the GEFs and GAPs determine 
signal specificity.  GEF and GAP function is required to regulate the rate, 
location and timing of GTPase activity. This is probably why cells express 
a higher variety of GEFs and GAPs compared to the number of GTPases, 
to fine-tune complex cellular processes. Rho proteins cycle between GDP- 
and GTP-bound states. GEFs exchange the transition between Rho-GDP 
(inactive) to a Rho-GTP (active) loaded state. Whereas GAPs enhance the 
relatively slow intrinsic GTPase activity of Rho proteins. A general domain 
found in RhoGEFs is the DH (Dbl-Homology) domain, which catalyzes the 
exchange of GDP for GTP, thus activating Rho GTPases. Another domain 
found in many GEFs is the PH (Pleckstrin Homology) domain. PH domains 
have been reported to target the GEF to the plasma membrane 54 or to 
facilitate binding to the GTPase. For instance the leukemia associated Rho 
GEF (LARG) binds directly to RhoA through its PH domain 55. Interestingly, 
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PH domains not only bind to phospholipids or GTPases but also to other 
proteins within the cell, as is the case for the first PH-DH domain of TRIO, 
which directly interacts with the actin cross linker filamin 56.

Depending on their subcellular localization, RhoGEFs can globally and 
locally change equilibrium of the Rho-GDP/GTP bound states. Local Rho 
GTPase activation can be achieved by subcellular sequestration of the 
GEF. For instance, the GEF NET1 resides inactive in the nucleus but after 
translocation to the plasma membrane it activates RhoA 57. Similarly, Ect2 
is normally localized in the nucleus during interphase but exits the nucleus 
during cell division to activate RhoA to regulate the cleavage furrow 
that separates the two cells during cell division 58. Another example is 
GEF-H1 which directly interacts with microtubules, inhibiting its exchange 
potential towards RhoA. Tubulin depolymerization breaks this interaction 
resulting in local RhoA activation 59. 

In addition, GEFs and GAPs can also function as signal integrators, 
independent of their intrinsic GEF activity, supporting larger protein 
complexes up- or downstream of RhoGTPases. For instance to drive 
chemotaxis in neutrophils, alpha-Pix acts as a scaffold to integrate 
activating signals for Cdc42 that arise from upstream GPCRs. Moreover, 
the pathway that regulates production of reactive oxygen species (ROS) 
important to kill pathogenic bacteria involves the GEF beta-Pix that tethers 
NADPH oxidase-1 for activation by Rac1 60 showing the same principle 
of GEFs functioning as signal integrators. To dissect the spatiotemporal 
activation of GEFs and GAPs during GTPase activation, FRET-based 
biosensors have become the instrumental device of choice. Currently, the 
dimerization optimized reporters for activation (DORA) sensors for RhoA, 
RhoB, RhoC, Rac1 and Cdc42 are published and available for general 
scientific use 61–65.

LEUKOCYTE ExTRAVASATION AND VASCULAR PERmEAbILITY COUPLED OR 
UNCOUPLED?

Inflammation is characterized by increased vasodilation, microvascular 
leakage and leukocyte recruitment. However, whether the transmigration 
of leukocytes directly causes increased microvascular permeability has 
been debated for decades. Some studies propose leukocyte adhesion and 
transmigration to be acute events leading to tissue damage and organ 
failure during inflammation and ischemia-reperfusion 66,67. A strong 
argument that supports this hypothesis are the neutrophil depletion or 
CD11/CD18 blocking experiments that have been shown to attenuate 
vascular injury under these conditions 67–70. However, when microvascular 
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Figure 3. Schematic overview of research investigated in this thesis. Vascular injury in the 
skin is resolved by various sequential processes that initiate tissue repair and the clearance of 
pathogens and dirt to restore vascular homeostasis. (a) The first phase of repair is associated 
with increased vascular leakage, during this stage platelets adhere to exposed collagen forming 
a haemostatic plug of fibrin that arrests blood leakage (a-c). Activated platelets produce 
thrombin, a compound that activates the coagulation cascade to produce the haemostatic 
plug. Thrombin released by activated platelets and histamine released by tissue basophils 
and mast cells are thought to initiate endothelial activation, a transient increase in endothelial 
permeability provoked by RhoA-mediated actomyosin contractility, and local enhancement of 
blood flow. This results in chemokine and cytokine release by various cell types followed by 
inflammation close to the site of injury. (b) Downstream of vascular injury endothelial cells 
get activated and in turn expose a variety of adhesion molecules at their surface. Upstream 
local endothelial Rac1 activation induces membrane protrusions that help to restore junctional 
integrity and barrier function, counterbalancing the transient permeability increase. However, 
which exchange factors specifically regulate local Rac1 activity during junctional stabilization 
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permeability was measured simultaneously with leukocyte-endothelial 
interactions, local plasma leakage sites were often distinct from those of 
leukocyte adhesion or transmigration 71–76. Plasma leakage was observed 
upstream of the sites where leukocytes entered the tissue. During 
inflammation in the respiratory tract of rats, plasma protein leakage is 
predominantly observed in the postcapillary venules whereas capillaries 
and arterioles did not leak. Under these inflammatory conditions most 
leukocyte diapedesis, in particular that of neutrophils, occurs in the 
collecting venules downstream of the leaky postcapillary venules 72. 
Moreover, several studies have shown that the timing of leukocyte adhesion 
and transmigration is not well correlated with the evoked permeability 
change during acute inflammation 77–80. Recently, molecular evidence 
for the uncoupling between leukocyte TEM and vascular permeability 
has been presented by Wessel and colleagues. They mechanistically 
uncoupled leukocyte extravasation and vascular permeability by showing 
that opening of endothelial junctions in those distinct processes are 
controlled by different tyrosine residues of VE-cadherin in vivo 36,44. Thus, 
during a well-regulated and balanced inflammatory response, plasma 
protein leakage and leukocyte recruitment are two distinct events that can 
occur side by side, but are not necessarily caused by the direct movement 
of immune cells between the ECs. 

However, in several diseases, such as thrombocytopenia, ischemia 
and rheumatoid arthritis, accumulation of immune cells evokes serious 
collateral damage resulting in tissue damage, vascular leakage and 
edema formation. In case of thrombocytopenia we know that the physical 
movement of immune cells through the endothelial barrier elicits 
hemorrhages 81. This bleeding disorder is partly caused by the incapability 
of ECs to maintain a tight barrier during the physical movement of 
immune cells through the EC layer. For that reason, blocking immune cell 

requires further research (Q1). (c) The local increase in vascular permeability does also enhance 
the recruitment of immune cells to the damaged site since chemotactic stimuli released by 
bacteria and tissue macrophages are easily transported and released in the circulation through 
the permeable endothelial junctions. Endothelial activation results in the upregulation of luminal 
exposed adhesion molecules such as ICAM-1 and VCAM-1 which mediate leukocyte diapedesis. 
ICAM-1 has been described to be involved in every step within the multi-step paradigm. The 
distribution of ICAM-1 in specialized membrane domains could explain these multi-functional 
roles of ICAM-1. However, what proteins regulate ICAM-1 distribution within the endothelial 
membrane are not well understood (Q2). Moreover, recruitment of innate immune cells occurs 
through transient openings in the endothelium without plasma leakage 26,44,77. However, how 
the endothelium maintains a tight barrier during leukocyte transendothelial migration is 
poorly understood (Q 3). (d) Infiltrating leukocytes scan and clear pathogens and dirt from 
the site of infection. Rac1-mediated wound healing and angiogenesis repair damaged tissue 
and vessels. (e) Finally, tissue macrophages secrete chemokines that resolve inflammation 
arresting leukocyte recruitment to restore vascular homeostasis.
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adhesion molecules may prevent TEM and consequently reduce patient’s 
symptoms. Over the past decades much effort has been devoted to the 
development of blocking antibodies targeting leukocyte integrins or 
integrin ligands that are exposed at the endothelial surface. However, two 
clinical trials that tried to interfere with ICAM-1 and CD18 evoked serious 
side effects and aggravated the patients conditions, since the murine 
IgG2a monoclonal antibody enlimomab targeting human ICAM-1 and the 
humanized IgG1 antibody directed at human CD18 activated the immune 
cells rather than blocking adhesion 82. Patients that received the treatment 
developed fever, cutaneous reactions, and neurological disability and 
showed a trend towards excess mortality compared to patients that got 
the placebo. The antibodies caused unwanted cellular activation and 
repeated administration of the antibody evoked allergic reactions since 
the enlimomab was of murine origin. We must learn from studies like 
the enlimomab trial in order to improve treatments for inflammatory 
and immune cell related diseases. Thus it is required that we increase 
our general understanding about the signaling pathways that regulate 
leukocyte TEM, both at the cellular and molecular level. In this thesis, I 
focus on the mechanisms that underlie endothelial junctional remodeling 
and ICAM-1 mediated adhesion during leukocyte diapedesis (Fig. 3). 

SCOPE OF ThE ThESIS

The precise mechanisms by which the vasculature maintains its integrity 
to cope with daily stressors such as leukocyte diapedesis, temperature, 
shear stress and inflammatory mediators are not yet fully understood. 
In chapter 2 we reviewed the role of RhoGTPases in transendothelial 
migration (TEM) from an endothelial point of view. This review puts 
forward the importance of the β2 integrin-ligand ICAM-1 in activation of 
endothelial RhoGTPases during TEM. ICAM-1 is believed to be involved 
in all the steps of the paradigm for leukocyte diapedesis. However, how 
ICAM-1 can specifically mediate all these distinct step remains elusive. In 
chapter 3 we show that this is in part regulated by the spatial distribution 
of ICAM-1 in microdomains within the plasma membrane. We identified a 
regulatory role for the calcium effector protein annexin A2 which mediates 
an ICAM-1 transition from ezrin to caveolin-1-rich microdomains after 
ICAM-1 clustering. The redistribution of ICAM-1 into these caveolin-1-rich 
microdomains negatively affects neutrophil transmigration and adhesion. 
On a daily basis billions of leukocytes traverse the endothelial barrier 
without damaging the vascular bed or underlying tissue. The precise 
mechanisms by which the endothelium maintains a tight barrier during 
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leukocyte transendothelial migration is currently poorly understood. In 
chapter 4 we show that local RhoA-mediated F-actin rings contribute to 
endothelial pore confinement that locally maintain endothelial barrier 
integrity preventing vascular leakage during leukocyte diapedesis. We 
show that the endothelial small GTPase RhoA is required to maintain 
a tight EC barrier during leukocyte diapedesis. Depletion in vitro or 
inhibition of endothelial RhoA in vivo increased vascular leakage, 
provoked by neutrophil transmigration, but did not alter neutrophil 
adhesion or transmigration. Using a novel RhoA FRET biosensor, we found 
that endothelial RhoA was transiently activated around transmigrating 
neutrophils. At this stage, ECs assemble RhoA-controlled contractile 
F-actin structures around endothelial pores that prevent vascular leakage 
during leukocyte extravasation. Next, in the contexts of inflammation, the 
exact mechanisms by which EC dynamically remodel cell-cell junctions to 
stabilize the endothelial barrier after exposure to inflammatory mediators 
such as thrombin are not yet fully understood. In chapter 5 we identify a 
key role for the Rho-GEF Trio in stabilizing VE-cadherin-based junctions 
after thrombin treatment. Moreover, the work presented in chapter 
4 demonstrates that vascular permeability and inflammation-driven 
leukocyte recruitment are independent events. We developed a screening 
method to study the involvement of GEFs and GAPs during junctional 
regulation in each of these mechanistically independent processes. In 
chapter 6 we described the methodology to screen for new endothelial 
proteins that regulate vascular integrity during leukocyte diapedesis. 
Chapter 7 describes a brief summary of the research presented in this 
thesis. In addition a short outlook is presented to give the reader an 
impression of future research directions.
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