
Background & Study aims

The stable reactive oxygen species

(ROS) hydrogen peroxide (H2O2)

modulates physiological signaling

pathways in vascular endothelial cells

at low concentrations. High H2O2

concentrations lead to pathological

oxidative stress and vascular dys-

function. Statins are well-characterized

cholesterol inhibitors that are addi-

tionally associated with antioxidant

effects leading to beneficial cardio-

vascular outcomes. We have studied

the molecular basis of receptor-

modulated H2O2 generation to

examine the antioxidative properties of

statins in cultured human umbilical vein

endothelial cells (HUVEC). NADPH

oxidases (Nox) are major sources of

H2O2 generation in endothelial cells.

HUVEC mainly express Nox2 and Nox4,

which have different modes of action.

They are expressed within different

subcellular locales. Triggering of Nox2

dependent H2O2 generation requires a

multiprotein complex, whereas Nox4 is

constitutively active forming H2O2

directly. Yet, their contribution to H2O2

signaling with respect to different

receptor activation is incompletely

understood. The small GTPase Rac1 is a

key subunit of Nox2 that is not required

for Nox4 activity. Statins inhibit impor-

tant posttranslational modifications of

Rac1, a mechanism that may poten-

tially explain its antioxidative effect.
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Mixed methods design

In this study we performed quantita-

tive real-time PCR, phospho-specific

immunoblotting and live-cell imaging

using cytosolic HyPer7.2 to identify

the sources and consequences of

H2O2 signaling in response to

histamine and to VEGF in HUVEC.

Cloning of Rac1 fused to an orange

fluorescent protein (OFP-Rac1) en-

abled visualization of Rac1 trans-

location upon simvastatin treatment.

Quantitative findings 

Quantitative findings 

Histamine and VEGF differentially

activates Nox-derived H2O2 gene-

ration, both of which depend on the

presence of active Rac1. Statins

inhibit Rac1 prenylation, an essential

posttranslational modification lea-

ding to Rac1 translocation from the

cell surface to the cell nucleus and

thereby disrupting Rac1 interaction

with Nox2, resulting in loss of H2O2

generation upon agonist treatments.

Conclusion
These studies indicate that an

important and previously-

unrecognized component of the

therapeutic effects of statins may be

explained by statin-dependent

inhibition of the Rac1/Nox axis,

thereby preventing deleterious

endothelial oxidative stress and

ameliorating vascular dysfunction.

Principle of ratiometric H2O2 sensing with HyPer7.2 
and image of cytosolic sensor expression in HUVEC.

Effects of simvastatin and prenylation on Rac1 localization monitored using OFP-Rac1.

In HUVEC, we only detected considerable mRNA levels 
of Nox2, Nox4 or Rac1 and performed siRNA mediated 
knockdown of these proteins.

On phospho-specific immunoblots
we identified that histamine and
VEGF induces Erk phospho-
rylation, whereas Akt gets only
phosphorylated by VEGF,
abrogated after knockdown of
either Nox2, Nox4 or Rac1.

These data demonstrate that

simvastatin treatment dynami-

cally inhibits receptor-

mediated oxidant pathways in

vascular endothelial cells that

could be reversed by the co-

application of mevalonic acid

(downstream of HMG-CoA).

In specific siRNA knockdown
experiments, we found that
distinct Nox isoforms modulate
histamine vs. VEGF signaling to
H2O2 - both also require Rac1.

Scheme shows the antioxidant
mechanism whereby statins
modulate Rac1 and thereby
disrupt the Rac1/Nox2 interac-
tion required for H2O2 signaling


