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The angiogenesis cascade

‘Geen bloed waar het niet gaan kan’, de Volkskrant, 9 September, 2006
Movie in vivo angiogenesis



Folkman et al. (1971) N.Engl.J.Med. 285:1182

Hypothesis:
- tumors are most vulnerable at the level of their blood supply
- angiogenesis inhibition would attenuate tumor growth



Immune system and cancer

• Immune cells can recognize and kill tumor cells
• Immune infiltrate in tumors is (often) correlated to longer

survival.
• Immunotherapy can eradicate tumors.
• Cancer still occurs



Angiogenesis involvement in the immune system.

• Tumors escape from immune surveillance.
• One of the mechanisms is the down regulation of adhesion

molecules on tumor vessels.
• This is mediated by angiogenic factors.
• Angiogenesis inhibition therefore can facilitate infiltration of 

immune cells.   
• Efforts to improve cancer treatment by immunotherapy may

benefit from angiostasis.



Leukocyte and matrix endothelial adhesion molecules
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Tumor EC have a suppressed ICAM expression

Griffioen et al. Cancer Res. 1996, 56:1111



bFGF inhibits ICAM-1 expression

Griffioen et al. Cancer Res. 1996, 56:1111



bFGF inhibits leukocyte adhesion to EC

Griffioen et al. Blood 1996, 56:1111
Griffioen et al. Blood 88:667, 1996



control

control + CD18 Ab control + anti-E-selectin Ab

bFGF



The intravital 
microscope



Nude mouse model for intravital microscopy

Dirkx et al. Cancer Res. 2003



Leukocyte-vessel wall interactions in microvessels

control tumor

Dirkx et al. Cancer Res. 2003



Breast carcinoma - medullary vs ductal breast cancer

• Medullary breast carcinoma has a better prognosis
• Medullary breast carcinoma is heavily infiltrated by 

leukocytes



Breast carcinoma – difference between medullary 
and ductal carcinoma

Bouma-ter Steege et al. Clin.Cancer Res. 2004



Breast carcinoma – Ductal breast carcinoma is more 
angiogenic, less ICAM-1 on endothelium

Bouma-ter Steege Clin. Cancer Res. 2004



Angiogenesis inhibits infiltration

Hypothesis: angiogenesis inhibition stimulates infiltration



Angiostatic compounds increase endothelial ICAM-1 in vitro



Leukocyte-vessel wall interactions after anginex treatment

control anginex treatment



Anginex normalizes infiltration in tumors
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Angiogenesis inhibitors can overcome escape from 
infiltration



Anginex inhibits vessel density and enhances 
leukocyte infiltration



Infiltrated T cells are activated



Conclusions

• Ongoing angiogenesis reduces leukocyte vessel wall 
interactions and infiltration

• Angiogenesis inhibitors can overcome bFGF induced 
endothelial cell anergy

• Angiogenesis inhibition (i) induces adhesion 
molecule expression, (ii) leukocyte vessel-wall 
interactions and (iii) infiltration 

• Infiltrated T lymphocytes are active (CD25+, CD69+, 
granzyme B, blast phenotype)

• (Angiogenesis inhibition improves immunotherapy, 
dendritic cell vaccination)
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Angiostasis increases adhesion molecule expression in vivo

anginex treatedcontrol
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Breast carcinoma – Ductal breast carcinoma is more 
angiogenic, less ICAM-1 on endothelium

Bouma-ter Steege Clin. Cancer Res. 2004

Can VEGF-C and –D downregulate ICAM-1 on endothelial cells?



Breast carcinoma - VEGF-C and –D synergize with 
bFGF to downregulate ICAM-1 on endothelial cells



Dendritic cell (DC) vaccination model

• B16F10  mouse melanoma model in C57BL6 mice
• Load DCs with TRP-2 tumor antigen peptide
• Treatment (for 2 weeks) with

- control DCs
- TRP-2 DCs with scrambled control peptide
- TRP-2 DCs with anginex 

• Measure tumor volumes



Anti-angiogenesis
improves
DC vaccination

 Anginex plus control DC vaccination
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Betapep28 plus TRP-2 DC vaccination
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Anginex

• Synthetic angiogenesis inhibitor 
• Inhibits proliferation, migration 

and induces apoptosis of 
angiogenically stimulated 
endothelial cells

• Inhibits tumour growth in 
different mouse models

• Upregulates leukocyte-tumour 
vessel wall interactions

• Enhances tumour leukocyte 
infiltration



Breast carcinoma - medullary vs ductal breast cancer

• Medullary breast carcinoma has a better prognosis
• Medullary breast carcinoma is heavily infiltrated by 

leukocytes



Breast carcinoma – difference between medullary 
and ductal carcinoma

Bouma-ter Steege et al. Clin.Cancer Res. 2004



Breast carcinoma – Ductal breast carcinoma is more 
angiogenic, less ICAM-1 on endothelium

Bouma-ter Steege Clin. Cancer Res. 2004

Can VEGF-C and –D downregulate ICAM-1 on endothelial cells?



Breast carcinoma - VEGF-C and –D synergize with 
bFGF to downregulate ICAM-1 on endothelial cells



Flow cytometric adhesion assay
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Tumor Growth Curve
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Infitrated T cells are activated



No preferential infiltration of regulatory T cells



Angiostasis increases adhesion molecule expression in vivo

anginex treatedcontrol
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