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may be intricately linked with the process of hypertrophy wherein there is not only a significant increase in
myocardial O, consumption but also important alterations in metabolic processes and in the local generation
of O,-derived reactive species (ROS) that modulate and/or amplify cell signaling pathways. This article reviews
our current knowledge of redox signaling pathways and their roles in cardiac hypertrophy. This article is part
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1. Introduction

Cardiac hypertrophy represents an increase in cardiac muscle mass
in response to a chronic increase in cardiac workload. It may be associ-
ated, at least initially, with an enhanced contractile function of the heart
but chronic increases in workload due to disease stress generally result
in a progressive decline in cardiac performance and ultimately the de-
velopment of chronic heart failure (CHF). Such pathological hypertro-
phy usually occurs in response to chronically increased afterload or
“pressure overload” (e.g. due to hypertension), increased preload or
“volume overload” (e.g. due to valvular regurgitation), or following
myocardial infarction (MI). In addition, pathological hypertrophy may
also arise in diabetes and with genetic abnormalities of myocardial
structure or function [1]. In contrast, reversible physiological hypertro-
phy with well compensated contractile function is seen in athletes or
healthy pregnancy [2].

The development of cardiac hypertrophy involves a complex remod-
eling of cardiomyocyte structure and function as well as remodeling of
the non-myocyte compartment (i.e. the vasculature and the extracellu-
lar matrix [ECM]). For instance, the maintenance of an appropriate
capillary density and blood supply to match the increase in muscle
mass is crucial for an adaptive hypertrophic response, whereas a mis-
match promotes decompensation [3]. Maladaptive cardiac hypertrophy
is accompanied by disproportionate interstitial fibrosis, energy deficit,
cardiomyocyte death, vascular dysfunction and chamber dilatation [4].
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It is increasingly evident that redox-dependent modifications in cel-
lular proteins and signaling pathways (or redox signaling) play impor-
tant roles in many aspects of cardiac hypertrophy [5]. Indeed, these
redox modifications may be intricately linked with the process of hyper-
trophy wherein there is not only a significant increase in myocardial O,
consumption but also important alterations in metabolic processes and
in the local generation of O,-derived reactive species (ROS) that modu-
late and/or amplify cell signaling pathways. This article reviews our
current knowledge of redox signaling pathways and their roles in
cardiac hypertrophy.

2. General considerations with respect to redox signaling in
cardiac hypertrophy

At the cellular level, O, specifically undergoes one electron reduction
to O, through the action of several oxidases, either as their primary
function or as a byproduct of some other reaction. These oxidases
include NAPDH oxidases (NOXs), xanthine oxidase (XO), monoamine ox-
idase (MAO), and uncoupled NO synthases (NOS) (Fig. 1 and below). O3
is also produced by mitochondrial complexes I and II under certain cir-
cumstances. The O, can become further dismutated to H,O, via
superoxide dismutases (SOD). Moreover, O, is used by NOS to produce ni-
tric oxide (NO), a reactive nitrogen species (RNS) that may be the precur-
sor of other reactive species (e.g. ONOO ™). The complex interplay and
specific effect of these reactive species is greatly influenced by the amount
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Fig. 1. Important intracellular ROS sources and selected targets involved in excitation-contraction coupling in the hypertrophied cardiac myocyte. ROS may have direct actions or indirect
actions through modification of various kinases, resulting in an impairment of excitation-contraction coupling, i.e. a decrease of systolic (sys) Ca fluxes in the face of Na-dependent
diastolic (dias) Ca overload. Solid green lines indicate activation, solid red lines inhibition; dashed lines indicate indirect effects via protein kinases. O3, superoxide; H,0,, hydrogen

peroxide.
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