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Acute regulation of P-glycoprotein (P-gp) transport activity has been identified in drug and 

inflammatory cytokines-induced stimulation with the activation of multiple phosphorylation signaling 

at the blood-brain barrier (BBB) (Mol Pharmacol 69:462-470, 2006). It is known that reactive oxygen 

species which is one of the major factors of CNS diseases (e.g. ischemia-reperfusion and 

neurodegenerative diseases) acutely activate the phosphorylation signaling. However, the signaling 

pathway which involves in regulating P-gp activity is still remains unknown. The purpose of this study 

was to investigate the regulatory mechanism for the drug efflux activity of P-gp at the BBB under 

acute oxidative stress exposure based on phosphoproteomic approach. Human brain capillary 

endothelial cell line (hCMEC/D3) was exposed 0.5 and 5 mM H2O2 for 20 min as an acute oxidative 

stress model. P-gp-mediated [3H]vinblastine efflux transport activity was significantly reduced in 

H2O2-concentration dependent manner and associated with the reduction of P-gp protein expression 

levels in the plasma membrane fraction but not in the whole cell lysate. This result indicates that 

H2O2 enhanced P-gp internalization from the plasma membrane fraction to the other cellular 

compartment. LC-MS/MS based-comprehensive quantitative phosphoproteomics revealed that 201 

phosphorylated proteins showed significant differences between control and H2O2 exposed condition. 

Among these proteins, caveolin-1 (Cav1) Tyr 14 phosphorylation was selected as a possible P-gp 

internalization pathway. Inhibition of Abl and Src kinases, which both are known to phosphorylate 

Cav1 Tyr 14, attenuated the internalization of P-gp and the reduction of its activity during H2O2 

treatment in hCMEC/D3 cells. These findings suggest that Abl and Src kinases enhanced P-gp 

internalization, resulting attenuation of apparent P-gp efflux activity under oxidative stress. In 

conclusion, this study firstly clarified that Abl and Src kinases are involved in the regulation of P-gp 

internalization in H2O2 treated human brain capillary endothelial cells by means of phosphoproteomic 

approach. 

 

 


