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SCOPEE OF THE THESIS 



Preface e 

Background d 

Inn patients who undergo chemo- and/or radiotherapy (e.g. cancer patients) 

hematopoiesiss is seriously disturbed, which may cause unacceptable severe or even lethal 

myelosuppression.. To rescue the patient's hematopoiesis, patients receive stem cell 

transplantationn that contributes to the recovery of the patient's hematopoiesis. 

Stemm cell transplantation by injecting bone marrow was gradually accepted during the 

midd 70's l and came into widespread use in the clinic during the 80's. From then on, extended 

progresss has been made in this field. Bone marrow is usually obtained from the anterior and 

posteriorr iliac crests, with the patient or donor under spinal or general anesthesia.2 However, 

thiss procedure has its limitations and is highly intensive for the patient or donor. Stem cells, or 

ratherr hematopoietic progenitor cells, derived from mobilized peripheral blood, turned out to 

bee an excellent alternative for bone-marrow transplantation to repopulate and restore the 

patient'ss hematopoiesis. 

Nowadays,, mainly hematopoietic progenitor cells derived from G-CSF-mobilized 

peripherall  blood are transplanted to treat patients who undergo intensive chemotherapy and/or 

radiotherapyy to overcome dose-limiting myelosuppression. A prerequisite for successful 

transplantationn is the presence of sufficient numbers of hematopoietic progenitor cells (i.e. 

CD34++ cells because these cells express the CD34 molecule on their surface) in the graft, 

sincee these are the cells that have to migrate from the periphery back to the bone marrow, a 

processs referred to as homing. Another source of CD34+ cells is umbilical cord blood, which 

containss a significant number of CD34+ cells. Although the number of cord-blood-derived 

CD34++ cells is usually insufficient to transplant adults, it has already successfully been used 

ass a source to repopulate hematopoiesis in children that had undergone chemo- or 

radiotherapy. . 

AA possibility to overcome the low number of CD34+ cells in cord blood is to improve 

thee homing efficiency of these cord blood-derived CD34+ cells. However, although a lot of 

studiess have been carried out to examine the complex mechanism of homing of CD34+ cells, 

itt is still unclear how the homing efficiency can be increased and what determines the 

specificityy of CD34+ cells to home specifically to the bone marrow. Figure 1 shows a 

schematicc overview of the process of stem cell transplantation. 
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Figuree 1. Schematic overview of stem cell transplantation. First, stem cells (i.e. CD34+ cells) are mobilized from 
thee bone marrow to the periphery by cytokines such as C-GSF (indicated by number 1). Subsequently, the 
CD34++ cells are harvested from the blood (2). Then the patient receives therapy, which wil l normally harm the 
patient'ss haematopoiesis (3). After the therapy, the patient receives his/her CD34+ cells by intravenous re-
inftisionn (4). Finally, the CD34+ cells migrate back to the bone marrow, a process referred to as homing (5). The 
dottedd square represents the specific part of stem cell transplantation, called homing. This part has been 
examinedd in detail in this thesis. 

Homingg of CD34 cells can be considered as a multistep process, in which various 

adhesionn molecules are involved. It appears that homing of CD34+ cells shows many 

similaritiess with the inflammation process, when leukocytes extravasate from the bloodstream 

too the inflamed tissue.5'6 The first step of transendothelial migration is mediated by the 

selectinn family. CD34+ cells indeed express selectin ligands,8'9 and in vitro studies have 

shownn that selectins indeed mediate the initial rolling phase of CD34+ cells over the 

endothelium.100 Moreover, it has been suggested that CD34+/L-selectin+ cells predict a rapid 

platelett recovery after stem cell transplantation, indicating that L-selectin is actively involved 

inn the homing of CD34+ cells in vivo.11 The second step is firm adhesion of the leukocyte to 

thee endothelium through the binding of leukocyte-integrins to their ligands, i.e. cell adhesion 

molecules,, on the endothelium.12 The integrins VLA-4, VLA-5 and LFA-1, together with 

PECC AM-1 and E-selectin, have been found to be important also for the process of CD34+ cell 

adhesion.13'155 Moreover, VCAM-1 on the endothelium and immobilized chemokine SDF-1 

havee been found to play an important role during the adhesion phase of CD34+ cells to bone-

marroww endothelium.1617 Finally, the CD34+ cells migrate across the bone-marrow 

endotheliumm towards the underlying bone-marrow stroma.18 It has been shown that the 

junctionall  adhesion molecule vascular-endothelial (VE)-cadherin is involved in 

transendotheliall  migration of neutrophils in vitro and in vivo.19'20 However, it is unclear 

whetherr VE-cadherin plays a role in homing of CD34+ cells. Figure 2 briefly summarizes the 

differentt steps that are believed to occur both during inflammation and during homing. 
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Figuree 2. Schematic overview of transendothelial migration o/CD34' cells. This process requires several steps, 
knownn as the multistep paradigm. Step 1 represents the rolling and adhering phase, mediated by selectins on the 
endotheliumm and their ligands on the CD34+ cells. Step 2 shows firm adhesion of CD34+ cells to the 
endothelium,, mediated by adhesion molecules such as CAMs (Cell Adhesion Molecules) on the endothelium and 
integrinss on the CD34+ cells. Moreover, immobilized chemokines are thought to guide the CD34+ cells during 
thiss phase. Step 3 highlights the final phase: passage of the CD34+ cells through the endothelial cleft. 

Althoughh a lot of effort has been put in understanding the homing process of CD34+ 

cells,, it is still unclear why these cells migrate specifically to the bone-marrow niche, 

althoughh the chemokine SDF-1 and its receptor CXCR4 seem to play a major role.21 

Moreover,, the role of the endothelial cell-to-cell junctions is still unclear, not only in the 

processs of homing of CD34+ cells but also in the extravasation process of leukocytes in 

general.. Especially the role for VE-cadherin, a very important junctional protein since VE-

cadherinn knockout is lethal,22 is interesting in this respect. In addition, a lot of data have been 

generatedd about the involvement of various adhesion molecules, but almost no data show 

insightt in the involvement of signalling cascades that occur in the endothelial cells. 

Scopee of the thesis 

Too improve CD34+ cell homing, we studied in detail the signalling events that occur 

duringg the migration of CD34+ cells across the bone-marrow endothelium towards the bone-

marroww niche, with special emphasis on the role of VE-cadherin. A better understanding of 

thee signalling mechanisms that mediate transendothelial migration is necessary to improve 

efficientt homing of CD34+ cells. The section below briefly summarizes the findings per 

chapter. . 
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Chapterr 1 reviews recent findings in the field of transendothelial migration and 

especiallyy highlights the signalling pathways that are involved in leukocyte transendothelial 

migrationn in general. 

Chapterr 2 focuses on the role of the chemokine receptor CXCR4 and its cognate 

ligandd SDF-1 in polarized and adhered cells. As a CD34+ cell model, we studied the KG la 

celll  line, a cell line that expresses CD34 but lacks CXCR4 expression. By transducing the 

fusionn protein CXCR4-GFP into this cell line, we were able to fully restore SDF-1 

responsivenesss in these cells, which renders this cell line a valuable model for primary human 

hematopoieticc progenitor cells. Moreover, we could now visualize the localization of CXCR4 

andd show that the receptor redistributes to the leading edge of migrating cells, in particular 

whenn cells migrate on chemokine-laden, cytokine-treated endothelium. 

Chapterr 3 introduces the endothelial adhesion molecule VCAM-1, required for proper 

CD34++ cell migration across the endothelial layer. Detailed studies analyzed the role of the 

p388 MAP kinase and of Reactive Oxygen Species (ROS) as second messengers in endothelial 

cellss in the context of transendothelial migration. This chapter shows that VCAM-1 activation 

inducess activation of the small GTPase Racl, which is accompanied by the generation of ROS 

andd results in the phosphorylation of p38. These events appear to be required for proper 

migrationn of leukocytes across endothelial monolayers. 

Chapterr 4 continues on the findings in chapter 3 and highlights the importance of the 

endotheliall  junctional protein VE-cadherin in the process of transendothelial migration. 

Blockingg VE-cadherin function results in increased transendothelial migration of leukocytes 

andd increased permeability of the endothelial monolayer. Moreover, VCAM-1 activation 

leadss to loss of endothelial cell-to-cell junctions, a process that requires generation of ROS. In 

conclusion,, this chapter shows that migrating leukocytes increase the production of 

endotheliall  ROS through VCAM-1 signalling and subsequently affect VE-cadherin-mediated 

cell-to-celll  junctions. 

Chapterr 5 emphasizes the role of ROS and the involvement of the small GTPase Racl 

inn ROS generation and in endothelial gap formation. An active mutant of Racl, RacV12, 

fusedd to a protein transduction domain, induces significant amounts of ROS and disrupts cell-

to-celll  junctions. In contrast, a dominant negative mutant of Racl, RacN17, has no effect on 

thee cell morphology. Moreover, RacV12 induces tyrosine phosphorylation of junctional 

proteins,, in particular of a-catenin. This study shows that Racl is actively involved in the 

disruptionn of endothelial cell-to-cell contacts, through the induction of ROS. 
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Chapterr 6 shifts the focus of our studies from the apical side to the basoiateral side of 

thee endothelium (i.e. cell-to-cell junctions). Specific disruption of VE-cadherin-mediated cell-

celll  contacts is studied in detail, a phenomenon that also occurs during the passage of a 

leukocyte,, as is shown in chapter 4. These experiments show that increased ROS production 

precedess the loss of VE-cadherin-mediated cell-cell contacts. Moreover, loss of cell-cell 

contactt is rapidly followed by Rac-mediated membrane ruffling, probably in order to restore 

thee intercellular gap. This study indicates that endothelial cells use a rapid response, mediated 

byy Rac-dependent production of ROS, to restore the loss of cell-cell contacts. 

Chapterr 7 describes the remarkable role of ICAM-3 in the control of the integrity of 

thee bone-marrow endothelial monolayer and the involvement of ROS in that respect. 

Althoughh endothelial ICAM-3 does not seem to play a role in transendothelial migration, nor 

inn migration of endothelial cells, it is clear that ICAM-3 activation negatively affects cell-to-

celll  junctions. We could show that ICAM-3-induced changes in endothelial monolayer 

permeabilityy also depend on ROS generation. Future studies are required to investigate the 

specificc role of ICAM-3 on endothelial cells. 

Chapterr 8 highlights the possible mechanisms that are responsible for ROS 

generationn in endothelial cells and focuses in particular on the localization and distribution of 

thee components of the NADPH-oxidase complex and of a NOX2 homologue, NOX4. The 

resultss show that NOX4 mRNA is expressed 100-fold higher than NOX2 in the endothelial 

cells.. Moreover, the other NADPH-oxidase components, p22phox, p47phox and p67pbox are all 

expressedd in endothelial cells and localize, as NOX4, at the endoplasmic reticulum. 

Chapterr 9 summarizes the work described in this thesis. Moreover, in this chapter it is 

proposedd that the Rac-ROS pathway might play a central role in the loss and reformation of 

VE-cadherin-mediatedd cell-to-cell contacts, depending on the state of the endothelial cell. In 

addition,, we speculate how this signaling may control transendothelial migration of 

leukocytess and of CD34+ cells in particular. 
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