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1  INTRODUCTION 
  



2  1  INTRODUCTION  

1.1 Angiogenesis and cancer 

Angiogenesis, the sprouting of new vessels from the existing vasculature, mainly takes 

place during embryonic development and growth. In the adult it is restricted to distinct 

physiological processes, e.g. wound healing and pregnancy, by a balance of pro- and 

anti-angiogenic factors.1 Unregulated angiogenesis is one of the hallmarks of cancer.2 

Tumor growth is highly dependent on proper supply with oxygen and nutrients and 

removal of metabolic waste. Induction of angiogenesis is therefore paramount for tumor 

survival and proliferation, and tumor size remains limited unless the tumor switches to 

an angiogenic phenotype.3 The tumor activates the �angiogenic switch� by shi fting the 

balance from anti-angiogenic to pro-angiogenic signaling in order to sustain its growth.4  

The intent to stop tumor growth and finally starve out the tumor by disruption of tumor 

derived pro-angiogenic signaling has led to anti-angiogenic drugs for anticancer 

therapy. Agents interrupting vascular endothelial growth factor (VEGF) induced 

angiogenesis have already been introduced into tumor therapy and can indeed stop 

tumor growth. The VEGF-neutralizing antibody bevacizumab (Avastin) and the multi-

targeted growth factor tyrosine kinase inhibitors sunitinib (Sutent), sorafenib (Nexavar), 

pazopanib (Votrient) and vandetanib (Caprelsa5, formerly Zactima) have been 

approved for certain metastatic cancer types as monotherapy or in combination with 

chemotherapy.6  

However, in clinical use it has become apparent that anti-angiogenic tumor therapy is 

more challenging than expected: Many tumors are refractory to VEGF-blockade, or 

become resistant during treatment. This evasive resistance7 can be caused by a shift to 

alternative angiogenic signaling pathways due to a pre-existing multiplicity of redundant 

pro-angiogenic signals. Therefore novel targets in angiogenesis need to be identified 

and characterized as a basis for future therapeutic concepts. If and how anti-

angiogenic therapy itself may contribute to increased metastasis is subject to 

investigation.8, 9 

1.1.1 The angiogenic cascade 

The vessel wall of non-growing capillaries consists of a lining of endothelial cells tightly 

interconnected by junction molecules like VE-cadherin and claudin, a basement 

membrane and surrounding pericytes. When the quiescent vessels are activated by 

angiogenic factors which are released from nearby hypoxic (tumor) tissue a series of 

events occurs, as summarized in Figure 1:  




























































































































































































































