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Background



Angiogenesis

Sprouting, branching, and differential growth of preexisting blood 
vessels as well as the recruitment of supporting cells associated 
with the endothelium, including smooth muscle cells and pericytes.
 

Angiogenic Switch

This term refers to the conversion of an avascular tumor to an 
angiogenic phenotype during tumor progression.
 



Genes and proteins 
discussed in this paper



Thrombospondin-1 (Tsp-1)

H-Ras oncogene

Source: Cn3D



Vascular epithelial growth factor (VEGF)

c-Myc  (no pic ☹)

The transcription factor c-Myc is a short-lived nuclear phosphoprotein, 
which is involved in cell proliferation, differentiation, and regulation of 
several aspects of growth control. 

Source: Cn3D



Retroviral 
Transduction



1) The retrovirus contains two copies of the its RNA genome that are linked 
by base pairing at 5 prime ends.

2) Reverse transcriptase makes a double-stranded DNA copy of the viral 
RNA.

3) Generation of provirus occurs after integration of this DNA into host 
genome.

4) Host RNA PolII transcribes the provirus yielding viral mRNA.
5) Translation of this mRNA into viral proteins is followed by packaging and 

release of virus particles.

Source: 
Molecular 
Biology, Weaver



Paper



Purpose
 

To uncover the signaling pathway leading from ras to Tsp-1 
repression. Activation of this pathway is necessary for angiogenesis 
and thus for the release of tumor cells from dormancy, which is 
induced by hypoxia. 
 



Procedure



Inability of cells to induce angiogenesis relates to lower levels of 
ras oncogene and the need for high level of ras oncogene to 

express significant levels of  VEGF, which results in the 
tumorigenic growth of the high ras-transformed cells.
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Poor angiogenicity of the low ras-expressing cells was due 
to the high levels of Tsp-1, which was generated by them. 
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Fig. 2A



Myc protein of the high ras-expressing cells was involved in the 
repression of Tsp-1.

Ras represses Tsp-1 through a mechanism distinct from 
influencing the levels of Myc.

Fig. 3



Myc phosphorylation modulated by ras correlates with the 
repression of Tsp-1 expression.

Fig. 4



Ras represses Tsp-1 through PI3K mediated pathway.
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Fig. 5



Not Raf-Mapk Pathway

Source: Cell 
Signaling Catalogue



Downstream regulators of PI3K pathway
 

Fig. 6



Conclusions
 

1) Tumor cells expressing low levels of ras do not form the 
neovasculature.

2) These cells can be caused to exit dormancy by either increasing 
levels of VEGF, an angiogenic inducer, or by increasing levels of 
ras oncoprotein. 

 
 
 



3) Ras oncoprotein induces the repression of Tsp-1 through the PI3K 
pathway.

 

Source: Watnick et al



Future Research

1) Exact mechanism by which Myc represses Tsp-1 expression. 

2) Identity of molecules responsible for the phosphorylation of 
c-Myc─is it ROCK itself or does ROCK affect Myc through a 
cascade of intermediary kinases.
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