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Genetic Polymorphisms and
Oxidative Stress in Heart Failure

Heart failure results from various known cardiovascular
diseases, such as coronary artery disease, or can be the
result of an idiopathic dilated cardiomyopathy. It is of
utmost importance for diagnostic, preventive, and thera-
peutic purposes to understand the cellular events that
trigger the cascade of functional and structural changes
that result in the development and progression of heart
failure. Progress in unraveling the genetic background
in both ischemic and nonischemic cardiomyopathies has
been slow compared with that for monogenic diseases,
such as some forms of hypertrophic cardiomyopathy or
familial dilated cardiomyopathies. It is likely that suscep-
tibility to and risk of progression of heart failure are both
influenced by many genes acting in concert or indepen-
dently. Among the diverse subcellular mechanisms impli-
cated in the pathogenesis and progression of heart fail-
ure, reactive oxygen species play a major role. The
search for genetic polymorphisms in clinical association
studies in order to identify genotypes susceptible to devel-
op and affect the progression to heart failure has been
the focus of many investigations over the past several
years. In this review, the authors summarize the current
data in support of the role of various polymorphisms of
genes related to oxidative stress in the susceptibility to de-
velop heart failure, and its progression. (CHF. 2002;8:
157-164, 172) ©2002 CHF, Inc.
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Heart failure (HF) remains a significant health
problem with a 5-year mortality of 50%; it afflicts
nearly 4.7 million Americans, with 550,000 new
cases each year.! End-stage HF is the end result of a
diverse range of diseases, including hypertension,
valvular heart disease, infiltrative diseases, diabetes
mellitus, viral myocarditis, metabolic diseases, ge-
netic mutations, and coronary artery disease.

All failing hearts have in common a temporary or
permanent decline in contractile function. The fac-
tors that lead to progression of HF from mildly symp-
tomatic to a severely decompensated stage, leading to
death or the need for cardiac transplantation, are not
well defined, and substantial interindividual variabili-
ty in progression is observed. Therefore, it is of ut-
most importance to better understand the cellular
events that trigger the cascade of functional and
structural changes that result in development of is-
chemic and nonischemic cardiomyopathies and HF,
as well as the compensatory changes that take place to
preserve cardiac function.

During the past decade, there has been much in-
terest in characterizing the role of genetic polymor-
phisms in ischemic cardiomyopathy (ICM) and non-
ischemic cardiomyopathy (NICM), polygenic dis-
eases leading to HF. ICM and NICM cannot be dis-
tinguished by clinical findings alone, although the
pathogenesis is etiologically different. Among the
diverse subcellular mechanisms implicated in the
pathogenesis and progression of HF, the generation
of reactive oxygen species (ROS) plays a major role.
These oxygen free radicals are involved in many bi-
ological processes, including cardiac cell injury.
ROS can be stimulated by mechanical forces, inflam-
matory cytokines, vasoactive agonists, during
prostaglandin biosynthesis, by catecholamine auto-
oxidation, and by repetitive episodes of ischemia
and reperfusion. In a canine model, in vivo infusion
of ROS was found to cause myocardial systolic dys-
function.? Plasma malondialdehyde-like activity, a
marker of lipid peroxidation, is increased in pa-
tients with ICM and NICM, and appears to correlate
with severity and chronicity of symptoms, and in-
versely with left ventricular ejection fraction (LVEF)
and exercise capacity.3-5 It has been shown that pro-
duction of oxygen-derived free radicals is four-fold
increased in polymorphonuclear leukocytes of pa-
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tients with HF compared with controls.6 Imbalance
between the production of ROS and the cellular and
extracellular antioxidant defense mechanisms can
result in increased oxidative stress and myocardial
dysfunction. It has been shown that patients with
chronic HF have reduced antioxidant activity and
vitamin C concentrations in plasma.” Superoxide
dismutase (SOD), one of the first-line defense en-
zymes against superoxide-mediated damage, in-
creases Hy0y levels by dismutation of the superoxide
anion (Figure). Accumulated Hy05 may lead to pro-
duction of the highly reactive hydroxyl radical, for
which no physiologic defense exists. As a result,
catalase and glutathione peroxidase become crucial
antioxidant enzymes regulating Hy0, levels. Singlet
oxygen (10,) is formed when molecular oxygen loses
one of its unpaired electrons. Finally, a major inter-
action of superoxide is with nitric oxide (NO), re-
sulting in the production of peroxynitrite. The role
of the NO pathway and oxidative stress in HF is dis-
cussed in a separate review of this issue.

Molecular Genetics in

Clinical Association Studies

Understanding the genetic heterogeneity of com-
plex polygenic diseases like ICM and NICM is chal-
lenging. One of many achievements in medical ge-
netics in the past decades has been the ability to vi-
sualize sequence differences directly in DNA. These
differences are called polymorphisms, and they un-
derlie the diversity of humans. Genetic polymor-
phisms have many alternative forms, and can serve
as genetic markers of disease. Two techniques are
available to measure DNA sequence length at poly-
morphic sites: polymerase chain reaction and South-
ern blotting. Medically useful and meaningful poly-
morphisms alter function or expression of the pro-
tein encoded by the gene.

The process of mapping the responsible genes
for a complex disease such as HF is confounded by
the genetic heterogeneity of the disease, incomplete
penetration of the disease-causing allele, presence
of phenocopy (false-positive), high frequency of the
disease-causing alleles in the society, and the effect
of environmental factors. Despite such complexity,
several new methods have been developed and ap-
plied to localize and identify the genes responsible
for complex traits.

Approaches to mapping the responsible gene for
a complex trait can be classified into the followmg
three categones First, candidate gene analysis is
based on a priori knowledge of the candidate genes,
with the aim to demonstrate that a disease-associat-
ed allele is more common in cases than in controls.
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Figure. Reactive oxygen species (ROS) and antioxidant enzymes
CAT=catalase; GPX=glutathione peroxidase; GSH=re-
duced glutatkwne, GSSG=oxidized glutathione; Hy0,=hy-
drogen peroxide; "0y =superoxide; OH=hydroxyl radical;
RO =lipid radical; ROOH=lipid peroxide; SOD=superox-
ide dismutase

It assesses the role of the known genes and their
functional variants in susceptibility to cardiac dis-
ease. A positive association does not mean causality
but probable linkage disequilibrium (nonrandom
segregation) with the actual mutation. A major
problem with association studies is the high fre-
quency of spurious results.

Second, genome-wide search is based on the
principle of linkage disequilibrium and thus postu-
lates that affected individuals share alleles in a
chromosomal region that contains the susceptibility
gene at a greater frequency than would be expected
by chance alone. Several variations of linkage dise-
quilibrium have been developed and used to map
the susceptibility genes for complex traits. These
include sib-pair linkage analysis looking at affected
siblings, and transmission disequilibrium testing
looking at heterozygote parents and their offspring.

Finally, microarray technology is based on the
principle that genes are subject to differential ex-
pression. It is designed to reveal the temporal and
spatial changes in gene expression and thus to pro-
vide insight into cellular functions and underlying
mechanisms in disease pathogenesis. DNA microar-
rays are micron-range-sized spots of genomic DNA,
cDNA, or oligonucleotides arrayed on glass slides by
robotic microfabrication techniques (“gene chips”).
Messenger RNA is purified from normal and failing
hearts and used to label the chips using a fluorescent
biotin-binding protein.8 Levels of expression are
therefore monitored simultaneously, as levels of fluo-
rescence overlying each DNA spot, for as many
genes as are printed on the slides. This technology is
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used not only for sequencing and gene expression
profiling, but also for detection of polymorphisms.
Microarray-based assays allow rapid comparative se-
quence analysis of intra- and interspecies genetic
variation. It allows us some degree of mechanistic
speculation, yet one has to caution against using
these data to predict the functional importance of
genes. Moreover, it is important to remember that
some genes may be regulated at the translational
rather than the transcriptional level, which would
preclude detection by DNA microarrays.?

Candidate Genes

The genetic factors that predispose toward ICM
and NICM are poorly understood, and it is likely
that susceptibility to and risk of progression of HF
are both influenced by many susceptibility and
modifier genes acting in concert as well as indepen-
dently.

Oxidative stress describes the imbalance between
the production of ROS and antioxidant defense
mechanisms, in favor of the former. Thus, pro-oxi-

dant and antioxidant enzymes that generate or re- .

duce levels of ROS represent genes which affect
various cellular and signaling mechanisms involved
in myocardial homeostasis.

This review discusses the role of clinically mean-
ingful polymorphisms in candidate genes related to
oxidative stress and HF in ICM and NICM (Table).
We have not included catalase and glutathione perox-
idase in our discussion, since no data have been re-
ported in clinical association studies regarding the
role of potential polymorphisms of these important
antioxidant genes with susceptibility to or progres-
sion of HF.

Superoxide Dismutase. The superoxide anion is one
of the ROS that contributes to the deterioration of the
decompensating myocardium, and SOD is the principal
scavenger enzyme (Figure). Humans have three genes
encoding SOD1, SOD2, and SOD3. These antioxidant
enzymes localize to the cytosol, the mitochondria, and
the extracellular space and contain copper-zinc, man-
ganese, and iron, respectively. The dismutation reac-
tion catalyzed by the SODs makes use of the fact that
superoxide is both an oxidant and a reductant, eager to
get rid of its extra electron, or to take on another. SOD
uses one superoxide radical to oxidize another radical.
SOD3 or extracellular SOD accounts for the majority of
the SOD activity of the plasma.

The SOD2 gene is located on chromosome 6q25,
and consists of five exons.10 It is polymorphic at the
16th position. Like most mitochondrial proteins, man-
ganese-containing SOD (MnSOD), or SOD2, is synthe-

sized in the cytoplasm as a precursor containing a
leader signal that is removed during the processing to
a mature enzyme. The Alal6Val polymorphism
changes the conformation of the leader signal with sub-
sequent loss of the o-helical structure, and hence low-
ers mitochondrial processing efficiency.1!

A recent study found that the SOD2-VV genotype
of the leader peptide is more frequent in Japanese
patients with idiopathic dilated cardiomyopathy
(IDC) than in controls (odds ratio {OR], 2.3).12 In-
dividuals with the SOD-VV genotype may be predis-
posed to develop IDC because of reduced SOD lev-
els and the subsequent increase in superoxide
anion, which may cause myocyte dysfunction.

In contrast to carriers of the Alal6Val polymor-
phism, subjects carrying the Arg213Gly substitution
of the SOD3 gene have about 10-fold higher plasma
SOD levels than subjects without the mutation.13 It
is possible that this mutation has protective effects
and may play a role in decreased susceptibility to
myocardial dysfunction.

Endothelial NO Synthase. NO is synthesized from
L-arginine and molecular oxygen by a family of three
enzymes, NO synthases (NOS). In the endothelial cell,
NO is synthesized by endothelial NOS or NOS III that
is localized to the 7q35 ¢ 7q36 region of human chro-
mosome 7, comprises 26 exons that span 21kb, and
has several tandem and dinucleotide repeats.14 Several
observations support the concept that, at higher levels,
NO has the ability to impair normal myocardial func-
tion and to exert direct toxic effects on the myocardi-
um. NO was found to have direct negative inotropic ef-
fects in isolated healthy guinea pig cardiac myocytes
through profound inhibition of voltage-dependent cal-
cium channels by high levels of cyclic guanosine
monophosphate.!5 The negative inotropic effects of in-
flammatory cytokines (tumor necrosis factor alpha, in-
terleukin-2, and interleukin-6) are mediated by the
generation of NO within the muscle itself.16 NO
donors cause apoptosis of cardiac myocytes in vitro
through formation of reactive oxygen and nitrogen
species, and finally, NO significantly attenuated the in-
otropic response to isoproterenol in canine my-
ocytes.17.18 There is scarce information about increased
NOS 111 activity in the failing myocardium in ICM, yet
NOS 1T or inducible NOS expression and activity are
increased in both ICM and NICM.19:20

It has been shown that the endothelial NOS 4 gene
locus is responsible for variations in the genetic con-
trol of plasma NO levels. Patients with the endothe-
lial NOS 4a allele have a two-fold higher NO level
than those with the 4A allele.2! Further studies have
revealed that patients with eNOS 4a allele and higher
NO levels also have significantly lower extracellular
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SOD levels.22 Therefore, NO levels are negatively
correlated with extracellular SOD levels, implying
that the balance of the above enzyme systems may be
important in many pathologic conditions, such as HF.
NO and SOD compete for superoxide, and peroxyni-
trite is generated by the reaction of NO with superox-
ide anion, with the former being more toxic and long-
lived.23 The fact that plasma NO levels are modified
by genetic polymorphisms suggests that the NOS III
genotypes may be a useful parameter for studying the
role of NO in patients with HF.

A different NOS polymorphism, the Glu298Asp
variant of NOS III, localized to exon 7, has been asso-
ciated with decreased NO levels and increased risk of
coronary artery disease. In patients with HF, carriers
of the 298Asp variant were found to have a higher
mean LVEF, but a decreased functional capacity.24
This may reflect reduced negative inotropic effects of
NO in 298Asp homozygotes. It is not clear from this
association study whether the Glu298Asp polymor-
phism is a functional genetic variant or a marker for
another functional variant within the gene or an adja-
cent gene. One possibility is that this variant might
influence subcellular targeting or interaction with
other regulatory proteins.25 More studies are needed
to explore the complex role of NOS III polymor-
phisms in determining HF phenotype.

Apolipoprotein E (ApoE). ApoE is a plasma pro-
tein with known functions in cholesterol transport
and metabolism. Metal binding ability (including
iron) has been proposed as a mechanism account-
ing for the antioxidant property of ApoE.26 The
ApoE gene is located on the long arm of chromo-
some 19 and a polymorphism exists, with the three
most common alleles designated €2, €3, and €4.27 It
has been shown that ApoE at physiologic levels has
isoform-specific effects in protecting a rat neuronal
cell line from oxidative cell death, and that these ef-
fects correlated with ApoE’s antioxidant activity in
in vitro assays (ranked E2>E3>E4).26 In homozy-
gous B-thalassemia, organ damage is mainly attrib-
uted to excessive iron deposition through the for-
mation of hydroxyl radicals, with heart involvement
being the main cause of death. In a study of Greek
thalassemic homozygotes, the ApoE e4 allele fre-
quency was found to be 7.9% in patients with nor-
mal hearts, similar to controls, and 12.8% in pa-
tients with cardiomyopathies (OR, 2.11).28 Thus,
the decreased antioxidant activity of the ApoE &4
allele may represent a genetic risk factor for the de-
velopment of myocardial dysfunction in this well-
defined population. Furthermore, a recent Euro-
pean study suggested a gender difference of ApoE
genotype on risk of ischemic heart disease; €32 ver-

Table. Candidate Genes of Oxidative Stress in Heart Failure

GENE Locus POLYMORPHISM FUNCTION ASSOCIATION
MnSOD (SOD2)  6q25 Alal6Val 4 sOD RF for DCM in Japanese
ecSOD (SOD3) Arg213Gly TsoD ! risk of CM
eNOS (NOSIII)  7q35-36 Ala T NO,! SOD,
Glu298Asp T peroxynitrite T LVEF, | FC
(®*) NO
ApoE 19q13.2 €2/3/4 ! antioxidant activity of ~ RF for CM in B-thalassemia
ed RF for ICM
PAF-ah 6pl2-12.1 Val279Phe (?) PAF levels RF for DCM
B,-AR 10q24-26 Ser49Gly { B,-AR stimulation RF for DCM, { mortality
Gly389Arg T B,-AR-G protein T¥C
By-AR 5q31-32 Thrl64Ile ! inotropy/chronotropy L FC, T mortality
ACE 17q23 I/D T Ang 11 levels with DD T mortality in DCM
ETA 4 C1363T (®) ET-1 levels RF for idiopathic DCM

ACE=angiotensin-converting enzyme; Ang II=angiotensin II; ApoE=apolipoprotein E; B-AR =B-adrenergic receptor;
CM=cardiomyopathy; DCM=dilated cardiomyopathy; ecSOD=extracellular SOD; eNOS=endothelial nitric oxide
synthase; ET-1=endothelin 1; ET-A=efidothelin receptor type A; FC=functional capacity; ICM=ischemic
cardiomyopathy; LVEF=left ventricular ejection fraction; MnSOD=manganese-containing SOD; NO=nitric oxide;
PAF=platelet activating factor; PAF-ah=PAF acetylhydrolase; RF=risk factor; SOD=superoxide dismutase;
I=insertion; D=deletion; T=increased; | =decreased; (?)=unknown.
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sus €33 is protective in women while €43 and e44
versus €33 ApoE genotypes increase the risk in
men.29 Because the ApoE polymorphism is found in
white, black, as well as Asian populations, these ob-
servations may apply in many parts of the world.

Platelet Activating Factor Acetylhydrolase (PAF-
ah). Oxidative stress induces the expression of
platelet activating factor (PAF) in endothelial cells
and macrophages. PAF may act as a secondary medi-
ator of the effect of ROS in the heart.30 PAF is de-
graded by PAF-ah, which may protect against PAF-
mediated oxidant effects.3! Given that PAF-ah consti-
tutes a key defense against increased oxidative stress,
alterations in its enzymatic activity may result in pre-
disposition to myocardial damage. The plasma PAF-
ah gene is located on chromosome 6p12-p21.1 and
exhibits a GeT polymorphism at position 994 in
exon 9, which encodes the catalytic domain.32 This
nucleotide change results in Val—->Phe substitution at
position 279 of the protein and a consequent loss of
catalytic activity. In Japanese subjects, the G994T
polymorphism of the PAF-ah was found to be a risk
factor for the development of nonfamilial dilated car-
diomyopathy (DCM).3% Furthermore, LV mass deter-
mined by echocardiography in DCM patients differed
significantly among PAF-ah genotypes. These obser-
vations suggest that G994T polymorphism of the
plasma PAF-ah gene may affect defense mechanisms
against oxidative stress and contribute to genetic sus-
ceptibility to or progression of nonfamilial DCM.

B-Adrenergic Receptor (B-AR). It is known that the
increase of circulating catecholamines and their au-
tooxidation in the failing human heart results in gener-
ation of highly cytotoxic free radicals.3¢ Therefore,
ROS may play an important role in catecholamine-in-
duced cardiotoxicity by causing peroxidation of mem-
brane phospholipids, which can result in permeability
changes in the membrane, as well as intracellular calci-
um overload. Furthermore, there is circumstantial evi-
dence that NO produced by myocardial NOS II or in-
ducible NOS attenuates the response of failing hearts
to B-adrenergic stimulation.35 A hallmark finding that
has been observed with progression of myocardial dys-
function is depressed contractile response to 3-ago-
nists.36 Concomitant with this hyporesponsiveness, a
decrease in expression and/or function of cardiac f3;-
AR and f$5-AR would be expected. In fact, it has been
shown that uncoupling of B-AR from adenylate cyclase
occurs equally in both ICM and NICM and downregu-
lation of ;-AR is more pronounced in the former.37
The therapeutic value of B;-AR blockade in car-
diomyopathy patients with increased LVEF and de-
creased heart volume has been well delineated in

the Metoprolol CR/XL Randomized Intervention
Trial in Congestive Heart Failure (MERIT-HF).38
The pathophysiology of HF may be influenced by
the B;-AR genotype, as there is unexplained in-
terindividual variation in the progression of HF in
the cardiac response to infused B,-agonists used
during acute decompensation, and in the clinical
response to B-blockers.

The B;-AR gene is located on chromosome 10, and
studies have shown two different point mutations asso-
ciated with regulation of cardiac function under patho-
logic conditions.39 One study showed that the Ser49Gly
polymorphism in the N-terminus of the 5;-AR gene
was found more frequently in patients with idiopathic
DCM compared to controls.40 This may lead to down-
regulation of B;-AR-mediated signal transduction, im-
pairing myocardial response to receptor stimulation. A
recent study showed that patients without this muta-
tion have a two-fold increase in risk of death or cardiac
transplantation during 5 years of follow-up, compared
to controls.41 ‘

In contrast, the Gly389Arg polymorphism, which
encodes the G-protein coupling domain of 3;-AR,
causes myocardial protection and a more favorable
disease course.

Arg substitution for Gly has been shown to im-
prove exercise capacity in patients with HF.42 Based
on a previous finding that fibroblasts transfected to
express Arg389 receptors have a higher basal and iso-
proterenol-stimulated adenyl cyclase activity than
cells expressing Gly389 receptors, the human Arg389
variant may enhance receptor-G-protein interaction,
increase activation of adenyl cyclase, and ultimately
enhance cardiopulmonary exercise parameters.43

The B3-AR is also expressed on atrial and ven-
tricular myocytes and exists in multiple polymor-
phic forms.#* Transgenic mice overexpressing the
Thr164Ile polymorphism in the heart exhibit de-
pressed inotropy and chronotropy.#5 Clinical stud-
ies have found that the relative risk for death or
cardiac transplantation is 4.81 in patients with the
Ile164 polymorphism as compared to carriers of
the wild type Thr at this position, with 42% 1-year
survival as compared to 76%, respectively.46 In a
subsequent study of 232 patients with compensated
HF, subjects with the Ile164 polymorphism were
found to have reduced exercise capacity.4’

In summary, the experimental and clinical data
suggest an association between the disease-modify-
ing Be-AR polymorphisms and clinical outcomes in
HF caused by ICM or NICM. This could mean, if
the data are confirmed in larger populations, that
patients with the Ile164 phenotype could be consid-
ered for earlier aggressive management with phar-
macologic therapies or cardiac transplantation.
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Cardiologists who have used B-blockers in the
treatment of HF have long known that there are re-
sponders and nonresponders to this therapy. This
difference may be dictated by the genotype, and B-
blockade might be most effective for patients with
specific receptor variations. This hypothesis needs
to be tested, and further investigations are required
to establish the relationship between different B-AR
missense mutations, oxidative stress and changes in
receptor function.

Angiotensin Converting Enzyme (ACE). The
pathophysiologic sequence occurring after myocardial
infarction involves activation of the neurohumoral sys-
tem as an initial adaptation response. The activation of
the neurohumoral system is prolonged and excessive
in patients with ICM. This prolonged activation is re-
sponsible for delayed adaptation or deadaptation in
the form of remodeling, dilation of the LV cavity, and
clinical HF. An integral part of neurohumoral activa-
tion is the renin-angiotensin system, and ACE expres-
sion in the perivascular interstitium, developing fi-
brous tissue, and myocytes after myocardial infarction
and cardiomyopathy is well documented.4® Benefits of
ACE inhibition in HF are attributed to the inhibition in
this system; therefore, a possible benefit of therapy
with ACE inhibitors is a reduction in fibrosis. Notably,
studies have shown that ACE inhibitors also scavenge
oxygen free radicals in vitro.#9 Finally, it has been es-
tablished by large randomized controlled clinical trials
of symptomatic and asymptomatic HF that pharmaco-
logic inhibition of ACE improves clinical symptoms
and decreases morbidity and mortality 5051

Angiotensin II has been shown in vitro to directly
stimulate the production of ROS and prostaglandins
in vascular and perivascular tissues.52.53 Myocardial
ischemia and inflammation are known to induce
leukocytosis. Furthermore, leukocytes metabolize
arachidonic acid to leukotrienes through lipoxyge-
nase; and leukotriene, LTB4, is known to activate
neutrophils, which results in further secretion of
ROS.5¢ Thus, chronic HF is a complex condition
where increased circulating cytokines and neurohor-
mones, such as angiotensin II, lead to increased ox-
idative stress, which in turn impacts on the bioavail-
ability and bioactivity of NO.

Insertion (I) or deletion (D) of 287 base pairs in in-
tron 16 of the ACE gene, located on chromosome
1723, leads to variation in ACE activity.5> Homozy-
gosity for the presence of the polymorphic segment is
designated II; individuals homozygous for the deletion
have the DD genotype, and heterozygosity is termed
ID. Respective serum ACE levels of 1I/ID/DD geno-
types are 299/393/494 ug/mL.55 The DD genotype is
more prevalent in patients with ICM (63%) and NICM

(48%) than in normal controls and is associated with
reduced LV systolic performance and with LV hyper-
trophy (OR, 2.63).56-58 Two studies have shown that
the DD genotype is an independent predictor of mor-
tality in idiopathic HF as well as in patients with HF
caused by systolic dysfunction.59.60 Furthermore, by
monitoring heart rate variability, a greater autonomic
imbalance was found to be associated with the deletion
polymorphism of the ACE, thus contributing to the ac-
celeration of morbidity and mortality in HF.61 Most re-
cently, Cicoira et al. found that the frequency of aldos-
terone escape in patients with HF receiving long-term
ACE inhibitor treatment was significantly higher in pa-
tients with the DD genotype as compared with the
other genotypes.62

In summary, the natural history of HF appears to
be changed by the ACE genotype, as DD subjects
have more profound deadaptation (namely remod-
eling), LV dilation, and clinical symptoms, and con-
sequently a decreased survival rate. Nevertheless,
further clarification is needed regarding the genet-
ic, molecular, and pathophysiologic mechanisms re-
lated to the ACE-DD genotype in relation to genera-
tion of ROS. It is important to study the functional
significance of ACE genotypes in relation to produc-
tion of ROS in patients with HF.

Endothelin Receptor Type A (ETA). Endothelin-
1 (ET-1) is a potent vasoconstrictor that has long-
term effects on cellular growth and phenotype.63 It is
generated in the myocardium and vasculature by
various cell types, including ventricular myocytes, fi-
broblasts, and vascular endothelial cells. Cardiovas-
cular effects of ET-1 are mediated mainly by the
ETA, which is located on several cell types in the my-
ocardium. Plasma ET-1 concentrations are increased
in patients with HF and correlate with worsening
functional class, LVEF, and exercise capacity.64 Phys-
iologic modulation of myocardial function by ET-1 is
not well understood. ET-1 may be beneficial during
the early stages of HF, decreasing myocardial con-
tractility, yet prolonged stimulation results in mal-
adaptive changes. Recent data have shown that ET-1
induces oxidative stress in human endothelial cells,
suggesting that elevated ET-1 levels may mediate de-
velopment and progression of endothelial dysfunc-
tion and cardiovascular diseases.65 However, oxida-
tive stress also increases ET-1 promoter activity, pre-
proendothelin-1 mRNA, and big ET-1 protein syn-
thesis.86 Thus, it is of critical importance to deter-
mine whether increased oxidative stress translates
into elevated ET-1 levels.

A recent study®? found that exon 8 G/T polymor-
phism in the 3’-untranslated region of the ETA gene
appears to be a genetic risk factor for IDC in a Euro-
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pean population. Individuals who were homozygous
for the T allele of ETA were at significantly increased
risk for IDC (OR, 1.9). The functional consequences
of this polymorphism are unknown, but because of its
location in the 3’-untranslated region, it might be re-
lated to regulatory sequences of the transcription of
the gene and thus be associated with differences in
the level of gene expression leading to alterations of
plasma ET-1 levels. The identification of a genetic
risk factor for idiopathic forms of HF strengthens the
interest of clinical studies using ETA antagonists, and
might help in defining subgroups of responders to
such treatment.

Summary and Conclusions

There is a growing body of evidence to support the
role of various genetic polymorphisms in suscepti-
bility to and progression of HF. The influence of
these genetic factors is mainly through modulating
plasma and tissue levels of their biologically active
products. This review summarizes the role of vari-
ous genetic variants of key signaling molecules in-
volved in oxidative stress, which may have patho-
physiologic consequences within the context of HF.
Patients with specific adverse polymorphisms and
HF, such as the ETA and B-AR polymorphisms,
may be candidates for earlier aggressive interven-
tion or cardiac transplantation.

Notably, some drugs that have been found to be ef-
fective in the treatment of HF, such as carvedilol, have
important antioxidant properties, which are discussed
in a separate review in this issue. Furthermore, there is
evidence that carvedilol, metoprolol, and ACE in-
hibitors can reduce oxidative stress.®® Physicians who
use P blockers in the treatment of HF are aware that
there are responders and nonresponders to this thera-
py. This difference may be dictated by the genotype, i.e.
ACE DD genotype, and B blockade might be most effec-
tive for patients with specific receptor variations.60

Genetic association studies need to be carefully
performed and the functional significance of the
polymorphisms has to be elucidated. Assuming that
there is some genetic importance to a certain poly-
morphism, the question remains whether this specif-
ic genotype is merely a marker for the disease and in
linkage disequilibrium with a neighboring mutation
of functional importance, or whether it is in fact
causative. Although most designs provide a powerful
tool for detecting the effects of disease-modifying
genes, such studies are sensitive to the effects of un-
detected confounding or bias that may arise during
the selection of either case or control subjects.

The demand for molecular genetic testing will
certainly increase as physicians and patients be-

come better educated as to how these data can in-
fluence patient care, family-planning decisions, and
pbarmacologic treatment.

Obviously, the genomic approach to HF has just
started, and the results provide a new approach to
the pathology of the disease, which could lead to
better identification of individuals at risk and appli-
cation of pharmacogenomics in the treatmentt of
patients with HF.
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