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The tumor suppressor function of activin A, together with our findings that
activin A is an inhibitor of angiogenesis, which is down-regulated by the NMYC oncogene, prompted us to investigate in more detail its role in the
malignant transformation process of neuroblastomas. Indeed, neuroblastoma
cells with restored activin A expression exhibited a diminished proliferation
rate and formed smaller xenograft tumors with reduced vascularity, whereas
lung metastasis rate remained unchanged. In agreement with the decreased
vascularity of the xenograft tumors, activin A inhibited several crucial
angiogenic responses of cultured endothelial cells, such as proteolytic activity,
migration, and proliferation. Endothelial cell proliferation, activin A, or its
constitutively active activin receptor-like kinase 4 receptor (ALK4T206D),
increased the expression of CDKN1A (p21), CDKN2B (p15), and CDKN1B
(p27) CDK inhibitors and down-regulated the expression of vascular
endothelial growth factor receptor-2, the receptor of a key angiogenic factor in
cancer. The constitutively active forms of SMAD2 and SMAD3 were both
capable of inhibiting endothelial cell proliferation, whereas the dominantnegative forms of SMAD3 and SMAD4 released the inhibitory effect of
activin A on endothelial cell proliferation by only 20%. Thus, the effects of
activin A on endothelial cell proliferation seem to be conveyed via the
ALK4/SMAD2-SMAD3 pathways, however, non-SMAD cascades may also
contribute. These results provide novel information regarding the role of
activin A in the malignant transformation process of neuroblastomas and the
molecular mechanisms involved in regulating angiogenesis thereof.
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Transforming growth factor beta (TGFbeta) receptors require SARA for
phosphorylation of the downstream transducing Smad proteins. SARA, a
FYVE finger protein, binds to membrane lipids suggesting that activated
receptors may interact with downstream signaling molecules at discrete
endocytic locations. In the present study, we reveal a critical role for the early
endocytic compartment in regulating Smad-dependent signaling. Not only is
SARA localized on early endosomes, but also its minimal FYVE finger
sequence is sufficient for early endosomal targeting. Expression of a SARA
mutant protein lacking the FYVE finger inhibits downstream activin A
signaling in endothelial cells. Moreover, a dominant-negative mutant of Rab5,
a crucial protein for early endosome dynamics, causes phosphorylation and
nuclear translocation of Smads leading to constitutive (i.e. ligand independent)
transcriptional activation of a Smad-dependent promoter in endothelial cells.
As inhibition of endocytosis using the K44A negative mutant of dynamin and
RN-tre did not lead to activation of Smad-dependent transcription, the effects
of the dominant-negative Rab5 are likely to be a consequence of altered
membrane trafficking of constitutively formed TGFbeta/activin type I/II
receptor complexes at the level of early endosomes. The results suggest an
important interconnection between early endosomal dynamics and
TGFbeta/activin signal transduction pathways.
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