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Background: Anti-angiogenic agents are considered as new therapeutic agents, Neuroblastoma growth is angiogenesis driven. Angiogenesis inhibition may generate hypoxic zone in the tumor, which may select for survival of aggressive tumor cell variants. 

Objectives: to develop new agent that can induce apoptosis to hypoxic tumor cells, and hence increase the efficacy of anti-angiogeneic therapy. Ursolic acid (UA) is a dietary isoprenoid having apoptotic and anti-angiogenic activity. 

Methods: SK-N-BE-2 (MYCN amplified and p53 mutated)  malignant neuroblastoma tumor cell line, was exposed to hypoxia, drug  resistance to conventional chemotherapeutic agents was examined by Alamar blue toxicity and caspase-3/7 activation assay. Subsequently, cells were treated with various doses of Ursolic acid (10-40µM) , and apoptosis was measured by caspase-3/7 activity assay, and confirmed by TUNEL assay. The anti-angiogenic activity of UA against hypoxia-mediated VEGF secretion was measured by an ELISA assay. 

Results: Cells exposed to 24hour hypoxia showed resistance to etoposide (5µM)-induced toxicity and caspase-3/7 activation . Cells treated with UA (10-20µM) under the same hypoxic condition demonstrated enhanced SK-N-BE-2 toxicity and enhanced caspase-3/7, 20uM UA increased caspase-3/7 activity by 3 fold (p=0.009), and 40uM UA increased caspase-3/7 activity by 7 fold (p=0.019).Under hypoxic condition  UA was able to reverse the etoposide related resistance to apoptosis.  urther investigation suggests that UA &#8211;induced caspase-3/7 activation is associated with the inhibition of hypoxia-induced VEGF upregulation. Conclusion:  UA reduced the hypoxia-related resistance of etoposide-induced apoptosis by activating caspase-3/7 activity and decreasing VEGF secretion suggesting possible molecular link between hypoxia, angiogenesis, apoptosis and drug resistance.
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