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Addressing tumor blood vessels 
Judah Folkman 

When tumors switch to the angiogenic 
phenotype and recruit new blood vessels, 
endothelial cells in these vessels express pro­
teins on their luminal surface that are not pro­
duced by normal quiescent vascular 
endothelium. One of these proteins, alpha_.133 

integrin, when prevented from binding to its 
ligand, causes apoptosis of endothelial cells in 
proliferating microvessels'. In this issue, 
Pasqualini et al' report an in vivo phage dis­
play method that permits 

potent enough to block angiogenesis com­
pletely, large bulky tumors in mice can 
regress to microscopic dormant tumors4 

because tumor growth is angiogenesis­
dependent. 

The in vivo targeting system developed by 
Pasqualini et al. may provide a vehicle for 
directing endothelial inhibitors to any focus 
of angiogenesis, whether it is in a tumor or 
in the retina. For molecules that specifically 

selective targeting of the 
alpha_. integrins by a specific, 
nine-residue cyclic peptide 
containing an ArgGlyAsp 
(RGD) sequence. When 

e TNP -470 • Cytotoxic 
chemotherapy • Angiostatin 

• Interferon - alpha 
(blocks bFGF production) " • Endostatin 

injected intravenously, the 
nonapeptide expressed on the 
bacteriophage surface homes 
to new blood vessels of 
murine and human tumors in 
mice to levels 4~0-fold 

Tumor 

greater than those in control 
organs. The RGD peptide has 
such a high affinity for alpha_. 
integrins that it localizes in 
the endothelial lining of the 
small blood vessels of tumors 
and is still present 24 hours 
after injection, at which time 
about 90% of it has cleared 

Drug 
resistance 

Drug 
resistance 
common rare 

from the circulation. 
This is an exciting paper 

that has important funda­
mental and clinical implica­
tions in view of certain 
unique aspects of growth 
regulation in blood vessels. 
Vascular endothelial cells 

Figure 1. Is antiangiogenic therapy a strategy to bypass 
drug resistance? Within a tumor, the tumor cell population 
(T) commonly develops resistance to a wide variety of 
cytotoxic drugs, whereas the endothelial cell population 
(E) does not. Thus, therapies directed against endothelial 
cells, rather than tumor cells, are less likely to induce 
drug resistance. 

form a monolayer covering approximately 
1000 m' in a 70 kg person. These cells rarely 
proliferate and have a mean turnover time of 
hundreds of days or more'. However, during 
angiogenesis-and especially in a neovascu­
larized tumor--endothelial cells can prolif­
erate as fast as bone marrow progenitor cells 
(e.g., with a turnover time in the range of a 
few days). The objective of antiangiogenic 
therapy is to return this focus or "hotspot" of 
proliferating microvessels to its normal rest­
ing state, or even destroy it. When this is 
accomplished by angiogenesis inhibitors 
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inhibit proliferating endothelium (e.g., 
angiostatin and endostatin) and antibodies) 
or peptides that block alph<1yl33 integrin, a 
delivery method that would concentrate 
them in tumors could increase efficacy and 
decrease the amount of precious protein 
required for long-term therapy. Could effica­
cy be increased for such selective angiogene­
sis inhibitors as the fumagillin analog 
TNP-470 (ref. 5) or the bacterial-derived 
polysaccharide CMlOl if they were com­
plexed with the nonapeptide? Could the effi­
cacy of antivascular therapy6 be increased by 
linking a tissue factor or other cytokines with 
the nonapeptide? 

A more immediate clinical application 
might be a method to direct conventional 
cytotoxic chemotherapy to the endothelial 
cell population of a tumor. This strategy 
could lower toxicity and possibly bypass 
drug resistance7 (see Fig. 1). Tumor cells are 

genetically unstable, rapidly mutating, and 
able to generate drug-resistant clones, but 
vascular endothelial cells are genetically sta­
ble and rarely become drug resistant (in a 
manner analogous to bone marrow). Long­
term antiangiogenic therapy directed against 
the endothelial cell population of a tumor 
has not shown drug resistance either in 
experimental animals or in clinical trials. 
Therefore, if tumor-bearing mice were treat­
ed with a conventional cytotoxic agent fused 
to the nonapeptide, the drug might be 
administered at a low dose that would avoid 
systemic toxicity, but allow it to concentrate 
in tumor vessels to control tumor growth 
solely by its antiendothelial effect. The drug 
would not need to leave the circulation and 
enter the tumor, nor would it have to cross 
the blood brain barrier. 

Alternatively, it might be possible to opti­
mize the antiangiogenic activity of the few 
cytotoxic drugs known to inhibit blood ves­
sel growth. For example, if the nonapeptide 
were bound to paclitaxel (Taxol), which 
inhibits angiogenesis in animals below its 
cytotoxic dose' , could a Taxol-resistant 
tumor respond to the Taxol-nonapeptide 
complex? 

If the nonapeptide has an affinity for new 
tumor vessels in a histological section, the 
efficacy of microvessel counts of tumor tis­
sues as a prognostic indicator could be 
increased (for a recent review, see ref. 9). 
Studies are underway to quantify the intensi­
ty of tumor neovascularization in real time 
by high-resolution magnetic resonance 
imaging••, and these efforts may be facilitat­
ed by the targeting of alpha_. integrins with 
radionuclides, as the authors suggest. 

Perhaps the most fundamental contribu­
tion of the report is that it provides further 
compelling evidence for an emerging picture 
of heterogeneity in vascular endothelium, 
heterogeneity that exists not only from one 
organ to another, but from proliferating to 
nonproliferating endothelium. 
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