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Outline

• Angiogenic factors and angiogenesis inhibitors

• Redox regulation of angiogenesis

• Thrombospondin-1, a gatekeeper of nitric oxide 
signaling

• Therapeutic targeting of the thrombospondin-1 
receptor CD47

• Thinking outside the angiogenesis box to 
understand the effects of endogenous and 
therapeutic angiogenesis inhibitors in cancer

• Radiation injury stress as a therapeutic target



Processes required for developmental 

and pathological vascularization

• vasculogenesis: de novo formation of a 

vascular plexus

• arteriogenesis: defines the direction of blood 

flow and arborization

• angiogenesis: development of a new vessels 

by branching from an established vascular bed 

• lymphangiogenesis: establishing lymphatic 

vessels to drain ultrafiltrate from vascularized 

tissues



Angiogenic Factors



The Angiogenic ‘Balance’



Therapeutic angiogenesis inhibitors
• VEGF antagonists: Avastin (bevacizumab) (FDA approved 2004-date for colon 

Ca, NSCLC, glioblastoma, renal Ca ), Ramucirumab(IMC-1121B)  (VEGFR2 Ab, 
phase III)

• VEGF siRNA: Bevasiranib (phase III) 

• VEGFR kinase inhibitors: Cediranib/Recentin/AZD2171 (phase III), 
Vandetanib/AZD6474 (phase III)

• Decoy VEGFR: Aflibercept/AVE0005 (phase III)

• mixed kinase inhibitors: Sunitinib/Sutent (FDA approved 2006), 
Sorafenib/Nexavar (FDA approved 2005 for renal CC), Votrient (pazopanib HCl, 
FDA approved Oct 2009), Axitinib (phase III)

• mTOR inhibitor: Torisel (temsirolimus, FDA approved 2007 for renal CC), 
everolimus (Afinitor)

• integrin antagonists: EMD 121974 (phase II)

• steroids: 2-methoxyestradiol (phase I)

• cytokines: interferon-a (phase II/III)

• thrombospondin-1 mimetic: ABT-510 (phase II)

• fumagillin-based: TNP-470, PPI-2458  (phase I)

• thalidomide analogs: thalidomide (FDA approved 2006, multiple myeloma), CC-
5013 (phase I), lenalidomide (FDA approved 2005, multiple myeloma)

http://www.cancer.gov/cancertopics/factsheet/Therapy/angiogenesis-inhibitors

Nature Biotechnology 26, 1055 - 1056 (2008) 

http://www.cancer.gov/cancertopics/factsheet/Therapy/angiogenesis-inhibitors


Angiogenesis Inhibitors



Cardiac dysfunction



Redox Signaling



Vascular Signaling



Signaling Thresholds



Mitogenic H2O2 Signaling vs 

Oxidative Stress



TYR-Kinase Receptors



Hydrogen Sulfide



Hydrogen Sulfide Signaling



Angiogenesis



Hydrogen Sulfide Responses



VEGF Receptor-2



Driving Angiogenesis



Redox and VEGF



Pro-Angiongenic Activities



Role of NO/cGMP



Redox and Angiogenic Balance



Thrombospondin-1



Thrombospondin-1 Inhibition 



Regulation via CD47



TSP1 



NO/cGMP signaling



Thrombospondin-1 Levels



Thrombospondin-1



TSP1 Signaling Through CD47



Thrombospondin-1 and Nitric 

Oxide



Endogenous TSP1



NO’s Effect on Blood Flow



Vasoactives and Blood Flow



Tumors Neutralize Host TSP1 



Therapeutic Strategies



Significance for human disease

• Decrease TSP/antagonize CD47 receptor(increase NO 

signaling

• Improve tissue survival following reconstructive surgery 

• Maintain flow and stimulate vascular remodeling 

following ischemic injury

• Limit ischemic injury associated with peripheral vascular 

disease and aging

• IncreaseTSP/agonize CD47 (decrease NO signaling)

• Inhibit tumor angiogenesis (and perfusion?)

• Limit bleeding by accelerating platelet aggregation



CD47 therapeutics



Translational development of CD47 

antagonists for vascular pathology 

• Protection from fixed ischemic injuries in mice and pigs 

(skin flaps, hindlimb, full thickness skin grafts)

• Protection from loss of resistance to ischemic injuries 

with aging or cardiovascular disease in mice

• Protection from ischemia/reperfusion injuries in mice and 

rats (liver, island skin flap)

• Kidney transplantation in mice and rats



Endogenous Thrombospondin-1 



TSP1/CD47 Limit Tissue 

Survival After Irradiation



Blocking Thrombospondin-

1/CD47 Signaling



Cell-autonomous Radioprotection



CD47 Cell Survival Control



CD47 and stress



Conclusions

• Thrombospondin-1 is an important 
pathophysiological inhibitor of vascular nitric 
oxide signaling via cGMP that limits 
angiogenesis, hemostasis, and cardiovascular 
dynamics

• CD47 is a direct binding partner of VEGFR2, 
and thrombospondin-1 inhibits VEGFR2 
signaling by disrupting this complex.

• Thrombospondin-1 signaling through its receptor 
CD47 limits tissue survival of ischemia, 
ischemia/reperfusion, and radiation injuries

• Drugs targeting TSP1/CD47 improve survival of 
ischemia and ischemia/reperfusion injuries in 
mice, rats, and pigs and have potent 
radioprotective activities


