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Reactions of oxidants with biological targets

Oxidants can damage virtually all biological molecules

DNA, RNA, cholesterol, lipids, carbohydrates, proteins and antioxidants

Extent of target damage targets depends on many factors

concentration of target

rate constant for reaction of oxidant with target 

location of target versus oxidant

occurrence of secondary damaging events

occurrence of transfer reactions

repair and scavenging reactions

Biochem. J., 1997, 324, 1-18; Biochim. Biophys. Acta, 2001, 1504, 196-219



Oxidative SIGNALING Oxidative DAMAGE

LOCATION  !

CONCENTRATION  !





Re-evaluated 19 vitamin E antioxidant trials between1994 and 2004

136,000 patients in North America, Europe and China

Death rate increased: 1 in 20 chance of dying earlier if 200IU Vitamin E



Rhee et al., J Am Soc Nephrol 14: S211–S215, 2003

Many classes of surface receptor couple to oxidant production

Oxidant production can occur as part of normal function 
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Antioxidants block protection by ischemic preconditioning





Mol Cell Biol 2010; 30: 3553-3568

HyPer-ER: H2O2-sensitive fluorescent ratiometric 
sensor targeted to ER



Tat >>>NOX4>>>ER stress response

Mol Cell Biol 2010; 30: 3553-3568



Tat activates Ras through NOX4 specifically in the ER

RBD3-GFP: fluorescent reporter for activated Ras
Mol Cell Biol 2010; 30: 3553-3568



Mol Cell Biol 2010; 30: 3553-3568

Tat >>>NOX4>>>ER stress response >>>EC autophagy



NOX4-induced autophagy protects EC against cell death

Mol Cell Biol 2010; 30: 3553-3568



Summary I

• EC express different NOX isoforms

• Each NOX has a specific subcellular 
localization

• NOX4 produces H2O2 in the ER, that 
mediates ER stress response but also 
autophagy

• H2O2-mediated autophagy protects EC 
against cell death





Vasorelaxation

Post-translational
(eNOS-P)

Transcriptional
(NOS3 gene expression)

Post-transcriptional
(NOS3 mRNA stability)

ROS

Balligand JL et al Physiol Rev 2009



ROS-sensitive c-Src mediates exercise-induced upregulation of eNOS and ecSOD



Nature Reviews Microbiology 2, 820-832 (2004)







Caveolin versus calmodulin: 

Counterbalancing allosteric modulators of eNOS

Caveola Caveola
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CaM
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Co-localization of eNOS and NADPH oxidase: 

caveolin-dependent eNOS uncoupling
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Review

Nature Reviews Drug Discovery 10, 453-471 (June 2011)
Combating oxidative stress in vascular disease: 

NADPH oxidases as therapeutic targets
Grant R. Drummond, Stavros Selemidis, Kathy K. Griendling & 
Christopher G. Sobey

Abstract
NADPH oxidases are a family of enzymes that generate reactive oxygen 
species (ROS). The NOX1 (NADPH oxidase 1) and NOX2 oxidases are the 
major sources of ROS in the artery wall in conditions such as hypertension, 
hypercholesterolaemia, diabetes and ageing, and so they are important 
contributors to the oxidative stress, endothelial dysfunction and vascular 
inflammation that underlies arterial remodelling and atherogenesis. In this 
Review, we advance the concept that compared to the use of conventional 
antioxidants, inhibiting NOX1 and NOX2 oxidases is a superior approach for 
combating oxidative stress. We briefly describe some common and emerging 
putative NADPH oxidase inhibitors. In addition, we highlight the crucial role of 
the NADPH oxidase regulatory subunit, p47phox, in the activity of vascular 
NOX1 and NOX2 oxidases, and suggest how a better understanding of its 
specific molecular interactions may enable the development of novel isoform-
selective drugs to prevent or treat cardiovascular diseases.



ATVB 2011, in press



nature methods | september 2009 |

In situ Proximity Ligation Assay



ATVB 2011, in press
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Peripheral effects of statins :
« the caveolin paradigm »

caveolin

statin (µM)

0 0.01 1010.1

NO

eNOS eNOS

CaM

Cav

CAV-1 IP/ eNOS IB:

0 0.1 1Atorva. (µM):

Feron O, Dessy C, Desager JP, Balligand J-L Circulation 2001

NOX2



Cell 

cholesterol

LDL-cholesterol

caveolin

NO

eNOSCav

High LDL cholesterol decreases NO production

by promoting the interaction of caveolin and eNOS

Feron O, Dessy C, Moniotte S, Desager JP, Balligand J-L J Clin Invest 1999

CAV-1IP/eNOS IB
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eNOS IB

NOX2

and possibly more assembly of NADPH oxidase
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Summary II

• eNOS and H2O2 can cooperatively enhance 
vasodilation

• Caveolin-1 mediates NADPH oxidase assembly and 
activation in caveolae

• Activation of NADPH oxidase in caveolae both 
mediates eNOS activation with Ang II and promotes 
eNOS uncoupling

• Moderate Cav-1 downregulation (as obtained with 
statins) inhibits NADPH oxidase activation, prevents 
eNOS uncoupling and restores NO bioavailability 
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Rosuvastatin activates PPAR-gamma transcriptional activity

Desjardins F et al Eur Heart J 2008
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