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Definitions:
Angiogenesis: formation of new blood vessels 

from existing ones

Vasculogenesis: formation of blood vessels 

from endothelial  progintor cells 

In adult: endothelial cells rarely divide



J. Folkman, M.D. February 24, 1933–January 14, 2008



A tumor may persist in a diffusion-limited state, usually not more than 2 mm in diameter, with cell proliferation 

balanced by cell death, for many months or years. It rarely causes significant damage in this dormant phase, and often 

goes undetected.

Angiogenesis greatly improves the tumor’s blood supply, providing it with an almost unlimited supply of oxygen and 

nutrients and a system for the removal of waste products, thus permitting rapid growth. In addition, the proximity of 

large numbers of blood vessels increases the likelihood of tumor cells entering the bloodstream and being transported 

to remote parts of the body.



Neoplastic tissue usually exceeds the oxygen diffusion limit when tumor cell layers accumulate to a thickness of
approximately 150–200 mm from a nearest open microvessel. Tumor cells beyond this limit undergo apoptosis.
Therefore, almost any tumor that has reached a diameter of >10–100 mm, is probably already neovascularized.
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Capillary sprouting = angiogenesis
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Hypoxia - HIF - every cell must be within 50 to 100 mm of a capillary

HIF: hypoxia inducible factor
VEGF: vascular endothelial growth factor
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Tumor blood vessels are
tortuous, highly permeable,
and dilated, and show
differential coverage and a
loose association of
perivascular cells along the
vessels and weakened EC
junctions



Heterogeneity of TECs - con.
2. Origin of TECs

EPCs or circulating endothelial precursor cells contribute to tumor 
angiogenesis 

ECs are heterogeneous

Transdifferentiation to ECs
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Tumors induce angiogenesis to obtain oxygen and nutrients

4 major steps of endothelial cells in angiogenesis
1. Breaking through of basal lamina that envelops existing blood vessels

2. Migration towards source signal

3. Proliferation

4. Formation of tubes



VEGF Family

Consists of VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E

VEGF-A is the most potent angiogenic protein

This isoform signal through VEGF receptor 2 (VEGFR-
2), the major VEGF signaling receptor that mediates
sprouting angiogenesis (called kinase-insert domain–
containing receptor [KDR] in humans and fetal liver
kinase 1 [flk-1] in mice).
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