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Lymphatic vessels (LVs) are thin walled structures that transport lymph from tissues to 

lymph nodes. By this function they are complementary to the cardiovascular system in the 

maintenance of body fluid homeostasis. They play a pivotal role in many (patho)-

physiological processes, such as inflammation, immune surveillance and tolerance, fat 

abortion and metabolism, and general tissue homeostasis, and are involved in disease 

conditions as diverse as hypertension, atherosclerosis, transplant rejection and survival, 

and tumor metastasis. Although our understanding has been improved substantially, the 

biology of LVs is still in its infancy. During recent years many details have emerged as to 

how LVs function in diseased states, mostly in cancer related conditions. However, the 

functional significance of the lymphatic network in individual organ health and disease is 

still poorly understood. Data obtained in kidney transplantation, albeit few, support the 

important role of LV in intra-organ pathophysiology. Lymphangiogenesis, the outgrowth of 

preexisting and genesis of new LVs, is an important component of the tissue response to 

microenvironmental changes, and can have huge impact on disease progression and tissue 

homeostasis. In this thesis therefore, we aim to explore the relevance of intrarenal 

lymphangiogenesis in the pathophysiology of kidney damage, and its possible role as a 

target for renoprotective intervention.  

Outline of the thesis 

In chapter 2, we comprehensively reviewed the current state of knowledge regarding the 

anatomy, physiology and pathophysiology of LVs, with special focus on the role of LVs and 

lymphangiogenesis in renal diseases, as a potential target of therapy.  

Experimental studies showed that under conditions of high dietary salt intake, vascular 

endothelial growth factor C (VEGF-C) induces lymphangiogenesis in the skin and contributes 

to water-free storage of salt, thereby preventing a salt-sensitive blood pressure response. 

This fascinating discovery prompted us to study whether this mechanism plays a role in salt 

homeostasis and blood pressure regulation in humans as well. Hence, in chapter 3, we 

measured circulating VEGF-C levels and blood pressure during different well-controlled salt 

intakes in healthy subjects and in chronic kidney disease (CKD) patients.  

In order to better explore the association of lymphangiogenesis with renal damage, 

tubulointerstitial lymph vessel density has been evaluated in a number of different renal 

conditions which are presented in Chapters 4-6. Several original publications have revealed 

that lymphangiogenesis occurs after renal transplantation, especially in kidney transplant 

rejection. The cause and consequence of this renal lymphangiogenesis on kidney transplant 

graft survival and function is not clear yet. Kidneys from deceased brain dead (DBD) donors 

always present worse post transplantation function than those from living donors (LD), 

possibly due to the inflammatory response in DBD donors. In this regard, kidneys from DBD 

have more interstitial changes such as tubulointerstitial fibrosis and inflammation 

compared to kidneys from LD, which are strong potent inducers of lymphangiogenesis. 

Therefore, in chapter 4 we aimed to evaluate whether renal lymphangiogenesis also occur 

as one of the tubulointerstitial remodeling phenomena in pretransplant DBD’s kidneys, and 

if so, what the functional significance of this new LVs on renal transplant outcome is. 
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Although we have gathered extensive knowledge on lymphangiogenesis up to now, we do 

not have that much information about the mechanism and functional relevance of LVs 

regression. To explore this more, in chapter 5, we investigated LVs regression in an 

experimental kidney disease model using Angiotensin II infusion, and thereafter checked 

the renal lymphangiogenesis, and LVs regression in the recovery period after stopping 

Angiotensin II treatment.  

As proteinuria is an important cause of progressive tubulointerstitial damage we evaluated 

the time course of LV formation in relation to proteinuria and interstitial damage up to 30 

weeks after induction of proteinuria in a rat model of chronic unilateral adriamycin 

nephrosis in chapter 6.  

In the chapters mentioned above, we performed observational studies to see when, and 

where renal lymphangiogenesis occurs in different renal diseases. In order to clarify the 

significance of this renal lymphangiogenesis more we executed interventional studies, 

described in Chapters 7 and 8. As we discussed in chapter 2, inflammatory cells can directly 

promote lymphangiogenesis, as has been shown previously in renal allograft rejection. Rho 

kinase pathway plays an important role in epithelial dedifferentiation and inflammatory cell 

infiltration. For that reason, in the next study presented in chapter 7, we investigated 

whether targeted inhibition of the Rho kinase pathway in proximal tubular cells reduces 

inflammation and lymphangiogenesis in an experimental rat acute renal allograft rejection 

model. 

We previously showed (in chapter 6) that proteinuria can trigger renal lymphangiogenesis 

before the onset of interstitial inflammation and fibrosis. Then, in chapter 8 we targeted 

lymphangiogenesis (VEGFR3 blocking antibodies), inflammation (deplete 

monocytes/macrophages) and profibrotic changes/fibrosis (S1P receptor agonist), and 

evaluated interstitial pathology and renal function. In the final chapter (9), we summarised 

the most striking findings of our experiments, and discuss the possible potential of renal 

LVs and lymphangiogenesis as therapeutic target in renal diseases.  




