
E TARGETING NOX2 NADPH OXIDASE IN INSULIN
RESISTANCE RELATED ENDOTHELIAL DYSFUNCTION

P Sukumar,1 H Viswambharan,1 H Imrie,1 R M Cubbon,1 N Yuldasheva,1 M Gage,1

S Galloway,1 A Skromna,1 P Kandavelu,3 C X Santos,1 V K Gatenby,1 J Smith,1

D J Beech,1 S B Wheatcroft,2 K M Channon,3 A M Shah,1 M T Kearney1 1Division
of Cardiovascular and Diabetes Research, Multidisciplinary Cardiovascular Research
Centre, University of Leeds, United Kingdom; 2University of Oxford British Heart
Foundation Centre of Excellence; 3Kings College London British Heart Foundation
Centre of Excellence.

doi:10.1136/heartjnl-2013-304019.278

Laboratory based cell culture studies have shown that reactive
oxygen species (ROS) induced oxidative stress as an important
molecular mechanism in the development and progression of car-
diovascular diseases. Despite that, large scale clinical trials have
shown that general antioxidants are not only ineffective in treating
cardiovascular diseases but also, in some cases, can have harmful
effects.

In this context, the next logical step is to specifically targeting
critical molecules in ROS generation rather than using non-specific
antioxidants. Insulin resistance, the antecedent of type 2 diabetes
mellitus, can itself initiate various vascular complications of dia-
betes before the development of clinically diagnosable diabetes.
Insulin resistance is characterised by excessive endothelial cell gen-
eration of cytotoxic concentrations of ROS. NADPH oxidases
(NOX), a group of ROS producing enzymes, have been recently
shown as the major source of excessive ROS in insulin resistant
endothelial cells.
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We hypothesised that specific targeting of NOX could be the
way forward in developing antioxidant molecules as therapeutic
agents for vascular diseases. In this study, we examined the role of
NOX enzymes and specifically Nox2 isoform in superoxide gener-
ation in 2 complementary in vivo models (endothelial specific and
whole body) of human insulin resistance. Using gp91-ds tat
peptide, a non-specific NOX inhibitor, we have specifically targeted
NOX generated superoxide production. For acute inhibition we
have treated cells or tissues with 50 M gp91ds-tat or control
peptide for 30 minutes. For chronic inhibition, mice were
implanted with osmotic mini-pumps which delivered 10 mg/kg/
day of drug for 28 days.

The excessive level of superoxide found in insulin resistant endo-
thelial cells was significantly reduced by acute or chronic treatment

with gp91ds-tat peptide. Also NO dependent vasorelaxation
response, which was impaired in insulin resistance, was improved
with gp91ds-tat peptide treatment. Since insulin resistant endothe-
lial cells showed higher expression of Nox2 isoform, Nox2 gene
was knocked down using siRNAwhich significantly reduced super-
oxide levels. Furthermore, to clearly examine the involvement of
Nox2 isoform in this context, double transgenic mice with endo-
thelial specific insulin resistance and Nox2 gene knockout were
generated.

These mice showed reduced superoxide production and improved
vascular function. Thus Nox2 is the critical molecule in insulin
resistance induced endothelial dysfunction. In conclusion, our
study establishes that pharmacological inhibition of NOX as a
novel way to treat insulin resistance related vascular disease.
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