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Hypoxia induces dysregulation of local 
renin-angiotensin system in mouse Lewis lung 
carcinoma cells
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ABSTRACT. The renin-angiotensin system (RAS) influences cancer 
biology and is frequently dysregulated in malignancy. However, 
regulation of tumor local RAS remains poorly understood. Hypoxia is a 
hallmark of solid tumors and affects nearly every major aspect of cancer 
biology. Previous studies have shown that hypoxia can regulate RAS 
expression in somatic tissues and cells. The aim of this study was to 
investigate the influence of hypoxia on local RAS expression in mouse 
Lewis lung carcinoma (LLC) cells. For hypoxia treatment, LLC cells 
were cultured in a hypoxia incubator or treated with hypoxia-mimetic 
cobalt chloride. Hypoxia up-regulated angiotensin II, angiotensin-
converting enzyme (ACE), and angiotensin II type 1 receptor (AT1R), 
and down-regulated ACE2 and angiotensin II type 2 receptor in LLC 
cells. Captopril, an ACE inhibitor, and losartan, an AT1R blocker, 
decreased expression of ACE and AT1R, but increased expression of 
ACE2 and angiotensin II type 2 receptor in LLC cells under hypoxia. 
Captopril and losartan also suppressed vascular endothelial growth 
factor-A expression in LLC cells under hypoxia. These findings suggest 
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that hypoxia induces dysregulation of local RAS in LLC cells. The 
pathophysiological importance of hypoxia-induced RAS dysregulation 
and potentially therapeutic effects of RAS inhibitors on hypoxic tumor 
cells should be further examined.
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