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論 文 内 容 要 旨 

 Hypoxia exposure is known to cause biological and pathological alterations and to induce 

a variety of exercise performance benefits that largely depend on skeletal muscle function. 

Yet, adaptive changes in skeletal muscle under hypoxic conditions, as well as their 

underlying mechanisms, are not well described. Because these adaptive changes are assumed 

to depend largely on cellular responses initiated by the stabilization of hypoxia inducible 

factor (HIF)-α, we generated mice lacking prolyl hydroxylase domain (PHD) 2, which is 

responsible for degrading HIF-1α under normoxia. We found that PHD2 deficiency promoted 

oxidative fiber-type switching in skeletal muscle, possibly through the calcineurin/NFATc1 

signaling pathway, which is a major mediator of muscle fiber determination. PHD2 

deficiency also resulted in an increased capillary density in skeletal muscles, and this was 

possibly due to an increase in the tissue induction of VEGF. The increased proportion of type 

I oxidative muscle fibers appeared to correspond to the area of higher capillary density. The 

cross sectional area of type I fibers was also significantly increased in both the gastrocnemius 
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and soleus muscles. Calcineurin and nuclear NFATc1 protein levels were increased in both 

the gastrocnemius and soleus muscles, suggesting that the calcineurin/NFATc1 pathway was 

responsible for the type I fiber transition regardless of PGC-1α, which responded minimally 

to PHD2 deletion. Furthermore, we found that FK-506, a calcineurin inhibitor, successfully 

prevents oxidative fiber-type formation in Phd2 cKO. Taken together, our results 

demonstrated that the hypoxic response pathway in skeletal muscle resulted in muscle fibers 

transitioning toward an oxidative phenotype and that this may contribute to improved 

endurance exercise performance.  

  

 






