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(7) ABSTRACT

Methods for cardiovascular disease assessment in an indi-
vidual comprise detecting the presence or absence of a
fragment encoding a polymorphic alpha-2C (a,. DEL322-
325) adrenergic receptor in a sample from an individual; and
detecting the presence or absence of a fragment encoding a
polymorphic beta-1 adrenergic receptor ([3;Arg389) in a
sample from the individual. Methods for delaying develop-
ment of cardiovascular disease in an individual, methods for
delaying progression or early death associated with cardio-
vascular disease in an individual, methods of genetic coun-
seling for cardiovascular disease in an individual are also
provided.
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METHODS OF CARDIOVASCULAR DISEASE
ASSESSMENT IN AN INDIVIDUAL

GOVERNMENT INTERESTS

[0001] This invention was made, at least in part, with
funds from the Federal Government, awarded through grant
numbers NIH HL-52318 (SCOR in Heart Failure),
ES-06096 and HG-00040. The U.S. Government therefore
has certain acknowledged rights to the invention.

FIELD OF THE INVENTION

[0002] The present invention is directed toward methods
for cardiovascular disease assessment in an individual. The
present invention is also directed towards methods for
delaying development of cardiovascular disease in an indi-
vidual. The present invention is also directed towards meth-
ods for delaying progression or early death associated with
cardiovascular disease in an individual. The present inven-
tion 1s further directed towards methods of genetic counsel-
ing for cardiovascular disease in an individual.

BACKGROUND OF THE INVENTION

[0003] Heart failure is a major cause of death and disabil-
ity. Some common forms of heart failure include idiopathic
dilated cardiomyopathy (etiology unknown), hypertensive
cardiomyopathy (similar to idiopathic dilated but with ante-
cedent hypertension), hypertrophic cardiomyopathy, and
ischemic cardiomyopathy. Regardless of the initial cause,
studies suggest that the enhanced chronic sympathetic drive,
which is a consequence of the depressed cardiac output,
ultimately plays a role in the development of clinically
significant cardiac dysfunction and the progression of heart
failure. Thus, it would be advantageous to develop methods
to assess cardiovascular diseases in an individual.

SUMMARY OF THE INVENTION

[0004] Accordingly, it is an object of the invention to
provide methods of cardiovascular disease assessment in an
individual.

[0005] In accordance with one aspect of the invention,
methods for cardiovascular disease assessment in an indi-
vidual are provided. The methods comprise the steps of
detecting the presence or absence of a fragment encoding a
polymorphic alpha-2C (0., DEL322-325) adrenergic recep-
tor in a sample from an individual; and detecting the
presence or absence of a fragment encoding a polymorphic
beta-1 adrenergic receptor ([3,Arg389) in a sample from the
individual.

[0006] In accordance with another aspect of the invention
methods for delaying development of cardiovascular disease
in an individual are provided. The methods comprise the
steps of detecting the presence or absence of a fragment
encoding a polymorphic alpha-2C (a,DEL322-325) adr-
energic receptor in a sample from an individual; detecting
the presence or absence of a fragment encoding a polymor-
phic beta-1 adrenergic receptor (f, Arg389) in a sample from
the individual; and selecting a therapy regimen for the
individual based on the presence or absence of o, DEL322-
325 and f,Arg389. The therapy regimen delays develop-
ment of cardiovascular disease in the individual.
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[0007] Inaccordance with yet another aspect of the inven-
tion, methods for delaying progression or early death asso-
ciated with cardiovascular disease in an individual are
provided. The methods comprise the steps of detecting the
presence or absence of a fragment encoding a polymorphic
alpha-2C (0., DEL322-325) adrenergic receptor in a sample
from an individual; detecting the presence or absence of a
fragment encoding a polymorphic beta-1 adrenergic receptor
(P, Arg389) in a sample from the individual; and selecting a
therapy regimen for the individual based on the presence or
absence of a,DEL.322-325 and f, Arg389. Progression or
early death associated with the cardiovascular disease is
delayed.

[0008] Inaccordance with yet another aspect of the inven-
tion, methods of genetic counseling for cardiovascular dis-
ease in an individual are provided. The methods comprise
the steps of detecting the presence or absence of a fragment
encoding a polymorphic alpha-2C (o,DEL322-325) adr-
energic receptor in a sample from an individual; detecting
the presence or absence of a fragment encoding a polymor-
phic beta-1 adrenergic receptor (§,Arg389) in a sample
from the individual; and counseling the individual regarding
the potential risk of developing a cardiovascular disease
based on the presence or absence of o, DE[322-325 and
[, Arg389.

[0009] Additional embodiments, objects and advantages
of the invention will become more fully apparent in view of
the following detailed description.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] The following detailed description will be more
fully understood in view of the figures, wherein:

[0011] FIG. 1 is an illustration of the synergism of
0,cDel322-325 and f, Arg389 adrenergic receptors as risk
factors for heart failure;

[0012] FIG. 2 is an illustration of multiple PCR detection
of short tandem-repeat alleles from a single gel. The middle
two lanes are ladders that represent all possible alleles from
nine short tandem-repeat loci. Fach multicolored lane rep-
resents fluorescence output from a single patient, which is
scored by a computer algorithm. The red signals are molecu-
lar-size markers;

[0013] FIGS. 3A and 3B depict sequence analysis of PCR
products spanning the alpha-2C adrenergic receptor;

[0014] FIG. 3C depicts restriction enzyme digestion of
PCR products spanning the alpha-2C adrenergic receptor;

[0015] FIGS. 4A and 4B depict sequence analysis of PCR
products spanning the beta-1 adrenergic receptor;

[0016] FIG. 4C depicts restriction enzyme digestion of
PCR products spanning the beta-1 adrenergic receptor;

[0017] FIG. 5 illustrates functional coupling of the Gly-
389 and Arg-389 receptors to adenylyl cyclase. Shown are
the results from studies with clonal lines expressing each
receptor at matched levels and the data presented as absolute
activities (A4) and normalized to the stimulation by forsko-
lin (B). The results of similar studies with two other clonal
lines are shown in panels C and D. The Arg-389 demon-
strated small increases in basal activities and marked
increases in agonist-stimulated activities compared with the
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Gly-389 receptor. Shown are the mean results from four
independent experiments carried out with each line. Absent
error bars denote that standard errors were smaller than the
plotting symbol; and

[0018] FIG. 6 illustrates [*'S]JGTPyS binding to the two
polymorphic 3;ARs. Binding in the presence of 10 uM
isoproterenol was greater (p<0.05) with the Arg-389 than
with the Gly-389 receptor. Data are presented as a percent-
age of binding to the wild-type (Gly389) receptor (mean
absolute values were 7.7x1.4x10° dpm/mg for Gly-389).
Basal levels of binding are not different between the two
receptors. nt, nontransfected cells.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] The major cardiac receptors which control sympa-
thetic drive are the beta-1 adrenergic receptor (§,AR) and
the alpha-2C adrenergic receptor (o, AR). However, there
is significant interindividual variation in the expression and
function of these adrenergic receptors, the development and
progression of heart failure, and the response to therapy
including drugs targeted to ;AR (such as p-blockers) and
a,cAR.

[0020] Chronic enhanced cardiac adrenergic stimulation
has been implicated in development and/or progression of
heart failure in animal models and humans. Release of
norepinephrine is under negative feedback control of
presynaptic alpha-2 adrenergic receptors (o, AR), while the
target of the released norepinephrine on myocytes are beta-1
adrenergic receptors (3, AR). The inventors have discovered
that a polymorphic alpha-2C adrenergic receptor
(0, cDEL322-325) displays decreased function while a
polymorphic ;AR (B,Arg389) displays increased function.
Furthermore, the inventors have discovered that the combi-
nation of these receptor polymorphisms predisposes indi-
viduals to cardiovascular disease, and in one specific
embodiment, to heart failure.

Alpha-2C Adrenergic Recetor and a polymorphic form of
Alpha-2C Adrenergic Receptor

[0021] The alpha-2 adrenergic receptors are localized at
the cell membrane and serve as receptors for endogenous
catecholamine agonists i.e., epinephrine and norepinephrine,
and synthetic agonists and antagonists. Upon binding of the
agonist, the receptors stabilize in a conformation that favors
contact with all activation of certain heterotrimeric G pro-
teins. These include G, G|,, G5 and G,,. The G, G protein
alpha subunits serve to decrease the activity of the enzyme
adenylyl cyclase, which lowers the intracellular levels of
cAMP (a classic second messenger). The alpha subunits,
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and/or the beta-gamma subunits of these G proteins also act
to activate MAP kinase, open potassium channels, inhibit
voltage gated calcium channels, and stimulate inositol phos-
phate accumulation. The physiologic consequences of the
initiation of these events include inhibition of neurotrans-
mitter release from central and peripheral noradrenergic
neurons.

[0022] Specifically, the alpha-2C adrenergic receptor
(alpha-2C) has been localized in brain, blood vessels, heart,
lung, skeletal muscle, pancreas, kidney, prostate, ileum
jejunum, spleen, adrenal gland and spinal cord. Alpha-2C
plays specific roles in certain central nervous system func-
tions. These roles include, but are not limited to, modulation
of the acoustic startle reflex, prepulse inhibition, isolation
induced aggression, spatial working memory, development
of behavioral despair, body temperature regulation, dopam-
ine and serotonin metabolism, presynaptic control of neu-
rotransmitter release from cardiac sympathetic nerves and
central neurons, postunctional regulation of vascular tone, or
combinations thereof.

[0023] The inventors have discovered a polymorphic
alpha-2C adrenergic receptor(a,oDEL322-325). As used
herein, the term “polymorphic” refers to a variation in the
DNA and/or amino acid sequence as compared to the
wild-type sequence. Often, there is a sequence of a given
gene that is the most common, and this is referred to as the
“wild-type”, while the less common variant is referred to as
the polymorphic form or the polymorphism. In some cases,
the two have similar frequencies in a population and they are
referred to as variants, or the specific substitution is desig-
nated in the name. Polymorphisms include, but are not
limited to, single nucleotide polymorphisms (SNPs), one or
more base deletions, and one or more base insertions.
Polymorphisms may be synonymous or nonsynonymous.
Synonymous polymorphisms when present in the coding
region do not result in an amino acid change. Nonsynony-
mous polymorphism when present in the coding region alter
one or more codons resulting in an amino acid replacement
loss or insertion in the protein.

[0024] Such mutations and polymorphisms may be either
heterozygous or homozygous within an individual.
Homozygous individuals have identical alleles at one or
more corresponding loci on homologous chromosomes.
While heterozygous individuals have two different alleles at
one or more corresponding loci on homologous chromo-
somes. Some members of a species carry a gene with one
sequence (e.g., the original or wild-type “allele’™), whereas
other members may have an altered sequence (e.g., the
variant, mutant, or polymorphic “allele”).

TABLE 1
Nucleotide Amino Acid
Type Position Nucleotide Position Designation
Wild Type 964-975 of ggggcggggecg 322—-325 of IN322-325

Polymorphic 964—975 of
SEQ ID NO: 3 SEQ ID NO: 4 SEQ ID NO: 7 GAAE

SEQ ID NO: 1 SEQ ID NO: 2 SEQ ID NO: 5 GAGP

SEQ ID NO: 6
ggggcggctgag 322—-325 of DEL322-325

SEQ ID NO: 8
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[0025] As detailed in Table 1, the wild-type alpha-2C
adrenergic receptor is identified as SEQ ID NO:1 (Genbank
Accession AF280399). The wild-type alpha-2C adrenergic
receptor comprises ggggeggggeeg at nucleotide positions
964-975 designated as SEQ ID NO:2.

[0026] SEQ ID NO: 3 (Genbank Accession AF280400) is
the entire polymorphic nucleic acid sequence of alpha-2C
adrenergic receptor with a deletion of SEQ ID NO:2 at
nucleic acid positions 964-975. This deletion shifts the
nucleotide sequence ggggeggctgag, SEQ ID NO: 4, into
nucleic acid positions 964-975. Thus, SEQ ID NO: 3 com-
prises a twelve nucleotide deletion at nucleotide positions
964-975 when compared to the wild-type acid sequence
identified as SEQ ID NO: 1.

[0027] The polymorphisms of the present invention can
occur in the translated alpha-2C adrenergic receptor as well.
For example, the first amino acid of the translated protein
product or gene product (the methionine) is considered
amino acid “1” in the wild-type alpha-2C adrenergic recep-
tor designated amino acid SEQ ID NO: 5. The wild-type
alpha-2C adrenergic receptor comprises GAGP at amino
acid positions 322-325 of the alpha-2C adrenergic receptor
which is designated amino acid SEQ ID NO: 6.

[0028] SEQ ID NO: 7 is the entire polymorphic amino
acid sequence of alpha-2C adrenergic receptor with deletion
of GAGP at amino acid positions 322-325. The polymorphic
alpha-2C adrenergic receptor molecule comprises GAAE,
SEQ ID NO: 8, at amino acid positions 322-325 in alpha-2C
adrenergic receptor. The function of the polymorphic alpha-
2C is impaired by approximately 70 percent compared to the
wild-type alpha-2C adrenergic receptor.

[0029] As used herein, the entire polymorphic nucleic acid
sequence of alpha-2C adrenergic receptor, as identified by
SEQ ID NO: 3, may be referred to as o,DEL964-975.
Moreover, the entire polymorphic amino acid sequence of
alpha-2C adrenergic receptor, as identified by SEQ ID NO:
7, may be referred to as a.,oDEL322-325.

[0030]

[0031] The beta-1 adrenergic receptor ($; AR) is a member
of the adrenergic family of G-protein-coupled receptors,
with epinephrine and norepinephrine being endogenous ago-
nists. Like other members of the G-protein-coupled receptor
superfamily, the amino terminus is extracellular, the protein
is predicted to traverse the cell membrane seven times, and
the carboxyl terminus is intracellular. In the adrenergic
receptor family, agonists bind in a pocket formed by the
transmembrane-spanning domains, and G-protein binding
and activation occur at intracellular domains of the loops
and tail, typically near the membrane.

[0032] B,PARs couple to the slimulatory G-protein, G,
activating adenylyl cyclase, as well as to non-cAMP path-
ways such as the activation of ion channels. f,ARs are
expressed on a number of cell types including cardiomyo-
cytes where they serve to increase cardiac inotropy and
chronotropy, adipocytes where they mediate lypolysis, and
juxtaglomerular cells of the kidney where they regulate
renin secretion. It has been known for decades that these
responses, as well as those of the ,AR, are somewhat
variable in the human population. A common single nucle-
otide polymorphism resulting in a Gly to Arg switch at
intracellular amino acid 389, may occur within a region

Beta-1 Adrenergic Receptor
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important for G-protein coupling. The resulting phenotype
of the Arg-389 receptor is one of enhanced receptor-G,
interaction, functionally manifested as increased activation
of the adenylyl cyclase effector.

[0033] In the normal human population there are two f3;
AR genetic variants with significant differences in functional
signaling. The site of the variability is ~9 amino acids from
the seventh transmembrane-spanning domain, in the intra-
cellular portion of the tail prior to the proposed palmitoy-
lated cysteine(s). This region is sometimes referred to as the
fourth intracellular loop or the proximal portion of the
cytoplasmic tail. By analogy with ,AR, p>AR, and other
G-protein-coupled receptors, this region is considered
important for receptor coupling to its cognate G-protein, G,

[0034] Indeed, the difference between the Arg-389 and
Gly-389 receptors is in functional coupling. Receptor-pro-
moted binding of GTPS to G, another indicator of agonist-
initiated coupling to G, is similarly different between the
two polymorphic f; ARS, as illustrated in FIG. 6. Consistent
with these findings, agonist-promoted accumulation of the
high affinity state in washed membrane preparations in the
absence of a guanine nucleotide is detected with the Arg-389
receptor but could not be resolved in studies with the
Gly-389 receptor. An elevated basal activity of adenylyl
cyclase (i.e. spontaneous toggling to R* in the absence of
agonist) may also be expected with the Arg-389 receptor
since it has a greater efliciency of stabilizing the active
conformation in the presence of agonist. This functional
phenotype, as shown in FIG. 5, is indicative of signaling in
cells that endogenously express the two polymorphic
B;ARs.

[0035] The amino acid analogous to position 389 of the
human, as well as the surrounding residues, are highly
conserved in species sequenced to date, with the only
deviation at position 389 being found in the human, where
Gly is originally reported. The high degree of consistency in
this region, its importance in G-protein coupling, and the
nonconservative (size and charge) nature of the Gly to Arg
substitution are consistent with this variation having func-
tional consequences.

[0036] As introduced earlier, B, AR are expressed on a
number of cell types in the body. In the heart, ;AR
represent the predominant AR subtype and is expressed on
myocytes of the atria and ventricles, where they act to
increase the force and frequency of contraction in response
to sympathetic stimulation. As left ventricular failure devel-
ops, B, AR expression and function decrease in human heart
failure. While not wishing to be bound by theory, the
inventors believe that this response is a protective mecha-
nism, sparing the heart from sustained sympathetic stimu-
lation in the face of limited metabolic reserves. In earlier
phases of heart disease, maintenance of §, AR function may
contribute to improved ventricular function. Given the
above circumstances, the dramatic differences in function
between the two ; AR polymorphisms suggest that the patho-
physiology of congestive heart failure may be influenced by
the B,AR genotype.

[0037] The p,AR is the predominant fAR expressed on
the cardiomyocyte and is responsive to circulating epineph-
rine and to local norepinephrine derived from cardiac sym-
pathetic nerves. Chronic activation of ;AR from infusions
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of p-agonists in rodents results in hypertrophy, and iansgenic
cardiac overexpression of 3; AR causes progressive cardi-
omyopathy and failure. Thus, while not wishing to be bound
by theory, the inventors believe that the §; Arg389 receptor
is a risk factor, since it results in a ~200 percent increase in
agonist-stimulated activity in transfected cells compared to
the f3,Gly389 receptor.

[0038] Furthermore, BAR antagonists ([3-blockers) are uti-
lized in the chronic treatment of heart failure, the presumed
basis of which is minimization of the aforementioned con-
sequences of long term sympathetic stimulation. In addition,
BAR agonists are used to acutely increase cardiac output
during life-threatening failure. However, there is significant
interindividual variation in the clinical response to p-block-
ers and AR agonists in patients with heart failure. While
not wishing to be bound by theory, the inventors believe that
individuals bearing the Arg-389 receptor are most respon-
sive to f-blocker and AR agonists therapy because they
would have a genetically determined {3, AR that achieves a
greater stimulation of adenylyl cyclase that has enhanced
function.

[0039] The Gly-389 beta-1 adrenergic receptor nucleic
acid sequence is identified as SEQ ID NO: 9 (Genbank
Accession J03019). The Gly-389 beta-1 adrenergic receptor
amino acid sequence, identified as SEQ ID NO: 10, may be
referred to as Gly-389 or §,Gly389. The Arg-389 beta-1
adrenergic receptor nucleic acid sequence is identified as
SEQ ID NO: 11. The Arg-389 beta-1 adrenergic receptor
amino acid sequence, identified as SEQ ID NO: 12, may be
referred to as Arg-389 or [}, Arg389.

Polymorphic Alpha-2C and Beta-1 Adrenergic Receptor

[0040] The inventors have discovered that polymorphic
alpha-2C adrenergic receptors are a risk factor for heart
failure. In addition, the inventors have discovered that
polymorphic alpha-2C and f§, Arg389 receptors act syner-
gistically as a risk factor for development of a cardiovas-
cular disease in an individual. Furthermore, the inventors
have determined that genotyping at these two loci may be a
useful approach for identifying individuals for early or
preventative pharmacologic intervention.

[0041] The inventors have discovered that functional
polymorphisms of selected adrenergic receptors are impor-
tant factors in interindividual variation, as summarized in
FIG. 1. Prejunctional o,AR (a,A- and o,,cAR subtypes)
regulate norepinephrine release from cardiac sympathetic
nerves. A polymorphic alpha-2C adrenergic receptor results
in a significant loss of agonist-mediated receptor function in
transfected cells A loss of normal synaptic auto-inhibitory
feedback due to this dysfunction results in enhanced presyn-
aptic norepinephrine release. Based upon this loss, the
inventors have discovered that individuals with a polymor-
phic alpha-2C may be at risk for development of a cardio-
vascular disease.

[0042] Furthermore, released norepinephrine from cardiac
sympathetic nerves activates myocyte f§; AR, which couple
to the stimulatory G protein G, activating adenylyl cyclase,
and increasing intracellular cAMP. Through the subsequent
phosphorylation of several intracellular proteins via the
cAMP-dependent protein kinase A, such ;AR activation
culminates in an increase in cardiac inotropy, lusitropy and
chronotropy. As previously discussed, there are two com-
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mon B, ARs in the human population due to a polymorphic
variation which results in an encoded Gly or Arg at amino
acid position 389 of the G, coupling domain of the receptor.
In a recombinant cell-based expression system, f§;, Arg389
displays a markedly enhanced coupling to adenylyl cyclase
compared to §, Gly389. The inventors discovered that poly-
morphic alpha-2C individuals with both the polymorphic
alpha-2C and the §,Arg389 have the greatest risk of heart
failure, since norepinephrine release and f§, AR activity are
enhanced concomitantly.

[0043] The inventors have discovered that polymorphisms
of the f,AR and the o, AR which jointly represent a
potentially major risk factor for development of a cardio-
vascular disease. Specifically, in African-Americans, where
0,Del322-325 and P,Arg389 are not uncommon, the
a,cDel322-325 polymorphism effect alone represented
some degree of risk (odds ratio=5.65), while the §, Arg389
genotype is not associated with heart failure. However, when
occurring together in the homozygous state, the risk is
substantial and highly statistically significant, with an odds
ratio of 10.11 (95 percent CI 2.11 to 48.53, P=0.004). Given
the low prevalence of the o, Del322-325 polymorphism in
Caucasians, the inventors did not expect a significant asso-
ciation in this ethnic group after further subdivision by
;AR genotype. Nevertheless, in the Caucasian subjects, the
allele frequency of the o, Del322-325 was indeed more
common among heart failure patients relative to controls.
Therefore, while not wishing to be bound by theory, the
inventors believe that the molecular properties of the two
polymorphic receptors may be a risk factor for cardiovas-
cular disease in all individuals.

[0044] Accordingly, the inventors have discovered meth-
ods for cardiovascular disease assessment in an individual.
The methods comprise the steps of detecting the presence or
absence of a fragment encoding a polymorphic alpha-2C
(0, DEL322-325) adrenergic receptor in a sample from an
individual; and detecting the presence or absence of a
fragment encoding a polymorphic beta-1 adrenergic receptor
(P,Arg389) in a sample from the individual.

[0045] The inventors have also discovered methods for
delaying development of cardiovascular disease in an indi-
vidual. The methods comprise the steps of detecting the
presence or absence of a fragment encoding a polymorphic
alpha-2C (0., DEL322-325) adrenergic receptor in a sample
from an individual; detecting the presence or absence of a
fragment encoding a polymorphic beta-1 adrenergic receptor
(p,Arg389) in a sample from the individual; and selecting a
therapy regimen for the individual based on the presence or
absence of o, DEL322-325 and [, Arg389. The therapy
regimen delays development of cardiovascular disease in the
individual.

[0046] The inventors have also discovered methods for
delaying progression or early death associated with cardio-
vascular disease in an individual. The methods comprise the
steps of detecting the presence or absence of a fragment
encoding a polymorphic alpha-2C (o, DEL322-325) adr-
energic receptor in a sample from an individual; detecting
the presence or absence of a fragment encoding a polymor-
phic beta-1 adrenergic receptor (f, Arg389) in a sample from
the individual; and selecting a therapy regimen for the
individual based on the presence or absence of o, DEL322-
325 and f3,Arg389. Progression or early death associated
with the cardiovascular disease is delayed.
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[0047] The inventors have further discovered methods of
genetic counseling for cardiovascular disease in an indi-
vidual. The methods comprise the steps of detecting the
presence or absence of a fragment encoding a polymorphic
alpha-2C (a,DEL322-325) adrenergic receptor in a sample
from an individual; detecting the presence or absence of a
fragment encoding a polymorphic beta-1 adrenergic receptor
(P, Arg389) in a sample from the individual; and counseling
the individual regarding the potential risk of developing a
cardiovascular disease based on the presence or absence of
0,DEL322-325 and {3, Arg389.

[0048] As used herein, “individual” is intended to refer to
a human, including but not limited to, embryos, fetuses,
children, and adults. One skilled in the art will recognize the
various samples available for detecting the presence or
absence of a fragment in an individual, any of which may be
used herein. Samples include, but are not limited to, blood
samples, tissue samples, body fluids, or combinations
thereof.

[0049] As used herein, “assessment” is intended to refer to
the prognosis, diagnosis, monitoring, delaying development,
delaying progression, delaying early death, risk for devel-
oping, staging, predicting progression, predicting response
to therapy regimen, tailoring response to a therapy regimen,
predicting or directing life-style changes that alter risk or
clinical characteristics, of a cardiovascular disease based
upon the presence and/or absence of 0, DEL322-325 and
B, Arg389 in an individual’s sample.

[0050] As used herein, “fragment” is intended to refer to
a sequence of nucleic acids and/or amino acids encoding
DNA, RNA, protein or combinations thereof. In one
embodiment, the fragment comprises the polymorphic
alpha-2C  adrenergic receptor (a,oDEL322-325) or
0, DEL322-325 site. In another embodiment, the fragment
comprises the wild-type alpha-2C adrenergic receptor or
site. In yet another embodiment, the fragment comprises the
polymorphic beta-1 adrenergic receptor (, Arg389) or f§,
Arg389 site. In yet another embodiment, the fragment com-
prises the Gly-3 89 beta-1 adrenergic receptor or site.

[0051] Cardiovascular disease includes, but is not limited
to, stroke, vascular embolism, vascular thrombosis, heart
failure, cardiac arrhythmias, myocardial infarction, myocar-
dial ischemia, angina, hypertension, hypotension, shock,
sudden cardiac death, or combinations thereof. In a specific
embodiment, the cardiovascular disease comprises heart
failure.

[0052] One skilled in the art will appreciate the various
known direct and/or indirect techniques for detecting the
presence or absence of a DNA and/or fragment, any of
which may be used herein. Techniques include, but are not
limited to, fluorescent techniques, spectroscopic method,
arrays, direct sequencing, restriction site analysis, hybrid-
ization, primary-mediated primary extension, gel migration,
antibody assays, or combinations thereof. One skilled in the
art will appreciate the various known direct and/or indirect
techniques for detecting the presence or absence of an amino
acid protein fragment, any of which may be used herein.
These techniques include, but are not limited to, amino acid
sequencing, antibodies, Western blots, 2-dimensional gel
electrophoresis, immunohistochemistry, autoradiography, or
combinations thereof As used herein, “therapy regimen” is
intended to refer to a procedure for delaying development,
delaying progression, or delaying early death associated
with a cardiovascular disease. In one embodiment, the
therapy regimen comprises administration of agonists and/or
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antagonists of a,DEI[.322-325 and p,Arg389. In another
embodiment, the therapy regimen comprises life-style
changes, including, but not limited to, changes in diet,
exercise, and the like.

[0053] As discussed earlier, the exploration of §, AR and
a,. AR as candidates for risk factors for heart failure is
supported by results from a number of basic, animal, and
human studies. a,AR expressed on human presynaptic
cardiac sympathetic nerves inhibit the release of the neu-
otransmitter norepinephrine. Fore example, mice engineered
to lack expression of o, AR and a,-AR show that the
0,AR inhibits norepinephrine release under basal condi-
tions (low stimulation frequencies). Such mice develop heart
failure. Thus, these factors which depress o, AR function
leading to chronically enhanced norepinephrine release may
represent factors predisposing to the development of heart
failure. Moreover, factors which depress 3, AR function may
also represent factors predisposing an individual to the
development of heart failure.

[0054] The inventors’ results demonstrate a substantial
risk of heart failure in an individual who has the homozy-
gous a,-Del322-325 polymorphism. The inventors” results
further demonstrate that an individual has an even greater
risk of heart failure when the individual has both the
homozygous ,-Del322-325 polymorphism and the
homozygous [, Arg389 variant (referred to also as “the
double homozygous genotype”). While not wishing to be
bound by theory, the inventors believe that the interaction
between the two polymorphic receptors is due to the fact that
the receptors represent two critical components within a
series-type signal transduction pathway: local norepineph-
rine production and its activation of its target receptor. The
synergistic, rather than simply additive, nature of the inter-
action may be due to the fact that G-protein coupled receptor
activation results in marked signal amplification. This is the
first example of such an interaction within a discrete sig-
naling pathway in heart failure.

[0055] The presence of the double homozygous genotype
may indicate the need for specific pharmacologic therapy
with o, AR agonists or antagonists and/or fAR agonists or
antagonists. Patients with the homozygous o.,-Del322-325/
[, Arg389 genotype may represent a subset of responders or
non-responders, and thus genetic testing at these loci may be
used to tailor pharmacologic therapy to those with the
greatest likelihood of having a favorable outcome. More-
over, while not wishing to be bound by theory, the inventors
believe that such individuals may benefit from treatment
early in the syndrome, even with relatively preserved cardiac
function and minimal symptoms, since they may be at
greatest risk of progression. A similar approach may also be
indicated in individuals with asymptomatic left ventricular
hypertrophy, with the objective of halting transition to
clinical heart failure. Finally, individuals without hypertro-
phy or failure who have the double homozygous genotype,
and are thus at risk for developing heart failure, may also
benefit from “prophylactic therapy.”

EXAMPLE
Subjects

[0056] The protocol is approved by the University of
Cincinnati Institutional Review Board, and subjects provide
written informed consent. Normal (control) individuals and
heart failure patients are from the greater Cincinnati geo-
graphic area. Patients are recruited from the University of
Cincinnati Heart Failure Program (Jan. 2, 1999-Jan. 2, 2001)
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by requests of consecutive eligible patients who agree to
participate in this specific genetic study. Approximately 50
percent of patients in the Program are referred by commu-
nity cardiologists, ~40 percent by physicians within this
tertiary care center, and ~10 percent self-referred.

[0057] To limit sample data, entry criteria are ages 20-79,
left ventricular ejection fractions (LVEF) of <35 percent,
NYHA II-IV heart failure, and either idiopathic dilated
cardiomyopathy or ischemic cardiomyopathy. Patients with
a non-ischemic dilated cardiomyopathy who had antecedent
hypertension are characterized as idiopathic. To further limit
the sample size, patients whose heart failure is due to
primary valvular disease, myocarditis, or obstructive or
hypertrophic cardiomyopathies, are not eligible due to the
limited number of cases. The control group consists of
unrelated, apparently healthy individuals (as assessed by
questionnaire) recruited prior to voluntary blood donation
and by newspaper advertisements. Specifically, none of the
control group has a history of cardiovascular disease or
symptoms, or are taking any chronic medications. The racial
classification of the participants is self-reported.

Genotyping

[0058] Genotyping at these loci is carried out in 171
patients with heart failure and 193 control subjects. Logistic
regression methods are utilized to determine the potential
effect of each genotype, and their interaction, on the risk of
heart failure. In another group of 261 patients with heart
failure, analysis was carried out to assess the relationship
between genotype and the duration of heart failure. In
another group of 263 patients with heart failure, analysis was
carried out to assess the risk of hypertension. Genotypes at
9 highly polymorphic short tandem repeat loci are used to
test for population stratification between cases and controls
within ethnic groups.

[0059] Genomic DNA is extracted from peripheral blood
samples, and the adrenergic receptor polymorphisms are
detected. The adrenergic genotypes are referred to as wild-
type o,-AR (representing the more common variant that
does not have the deletion), a,Del322-325 (the four amino
acid deletion variant), ,Arg389 and f,Gly389. Both
sequence analysis and restriction enzyme digestion of PCR
products spanning the o,AR (see FIG. 3) or §, AR poly-
morphisms (see FIG. 4) are used to detect each sequence
variant in! genomic DNA samples.

[0060] FIG. 3 shows sequencing electropherograms
(sense strand) that identify homozygous individuals for the
wild-type and Del322-325 a,-AR. Nucleotides 964-975
(GGGGCGGGGECCE) within the wild-type sequence (FIG.
3A) are absent in the Del322-325 sequence (FIG. 3B). In
addition, deletion of these 12 nucleotides results in loss of
one of six Nci I restriction enzyme sites within a 372 bp PCR
product amplified from genomic DNA samples. Agarose gel
electrophoresis of PCR products digested with Nci I there-
fore show unique patterns of fragments that identify
homozygous wild-type, homozygous Del322-325, and het-
erozygous individuals (FIG. 3C).

[0061] FIG. 4 shows sequencing electropherograms
(sense strand) that identify homozygous individuals for the
B, AR Gly389 or Arg389 polymorphism with either a G or
a C at nucleotide position 1165, respectively. The presence
of a C in this position results in loss of a BsmFI restriction
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enzyme site, therefore BsmFI digestion and agarose gel
electrophoresis of 488 bp PCR products spanning this poly-
morphic site identified all three genotypes (heterozygous,
homozygous Gly389 and homozygous Arg389).

[0062] In combination, the above methods are used to
determine all §,AR/a,~AR genotypes, including the two-
locus allele frequencies of the f;AR Arg389 and Del322-
325 0,cAR polymorphisms in cases and controls.

[0063] To assess the potential for population stratification,
the frequencies of alleles at nine highly polymorphic short
tandem repeat (STR) loci are determined by a multiplexed
PCR using the AmpFISTR reagents with detection by mul-
ticolor fluorescence using the ABI Prism 377 Sequencer
(Applied BioSystems), as illustrated in FIG. 2.

Statistical Analysis

[0064] Allele frequencies are computed using standard
gene counting methods. Tests for genotype and allelic asso-
ciation with heart failure are conducted using chi-square
tests of independence within each ethnic group. In order to
test for interactions between the o,~AR and ;AR poly-
morphisms, the inventors use logistic regression methods to
model the effect of each genotype and their interaction on
the risk of heart failure. Likelihood ratio tests are used to
assess the significance of each locus and their interaction
both before and after adjusting for the potential confounding
effects of age and sex.

[0065] Finally, a case-only analysis is performed to test for
single and two-locus genotype associations with hyperten-
sion status and diagnosis group (idiopathic or ischemic)
using chi-square tests of independence. The frequencies of
the STR alleles are compared between cases and controls
within the two racial groups by chi-square tests. When
appropriate, mean data are reported+standard deviation.
Kaplan-Meier plots and log-rank tests are used to assess
whether the survival distribution differed significantly
across genotype classes.

Results

[0066] In African-Americans, the adjusted odds of heart
failure is 5.65 times higher in the o,Del322-325 homozy-
gotes (95 percent confidence interval: 2.67 to 11.95,
P<0.0001) relative to the other ., AR genotypes. There is
no risk with 3;Arg389 alone. However, there is a marked
increased risk of heart failure in individuals homozygous for
both variants: adjusted odds ratio=10.11 (95 percent confi-
dence interval: 2.11 to 48.53, P=0.004). This association
holds with dilated and ischemic cardiomyopathy, and is
independent of antecedent hypertension. The frequencies of
the short tandem repeat alleles are not different between
cases and controls, thus excluding population stratification.
In Caucasians, the a,-Del322-325 polymorphism is also
associated with heart failure (allele frequency 0.105 vs 0.038
in controls, p=0.01 1). However, there are too few patients
with both homozygous genotypes to adequately assess the
risk.

[0067] The characteristics of the heart failure cases are
shown in Table 2. For African-Americans there are 78
patients (4911 years of age) and 84 controls (53+16 years
of age). There are 81 Caucasian heart failure patients who
are 5611 years of age and 105 controls whose ages are
36x12. There are significant differences in allele frequencies



US 2006/0292565 A1l

of both receptor variants between African-Americans and
Caucasians. In the current study the a,Del322-325 is found
to be >10 times more common in African-American com-
pared to Caucasian controls (allele frequencies of 0.411 vs
0.038, P<0.0001). The §, Arg389 is somewhat less common
in African-Americans (0.560 vs 0.762, P<0.0001). These
differences in the frequencies of the two polymorphisms
between Caucasians and African-Americans, particularly at
the a,Del322-325 locus, prompted the inventors to carry
out separate risk analyses for the two ethnic groups.

[0068] In African-Americans, where both variants are
relatively common, single-locus analysis, as detailed in
Table 3, reveals that a,-Del322-325 is in fact more common
in patients with heart failure (allele frequency=0.615) com-
pared to normal controls (allele frequency=0.411,
P=0.0002). When analyzed using all three possible geno-
types, this association remains highly significant. Indeed, 53
percent of African-Americans with heart failure are homozy-
gous for the polymorphism compared to only 17 percent of
the controls. The unadjusted odds ratio for heart failure and
the homozygous a,-Del322-325 is 5.54 (95 percent confi-
dence interval: 2.68 to 11.45, P<0.0001). There is no evi-
dence of significant confounding by age or sex, and the
confounder adjusted odds ratio for heart failure and the
homozygous a.,Del322-325 is 5.65 (95 percent confidence
interval: 2.67 to 11.95, P<0.0001). In contrast to the o, AR
polymorphism, there is no evidence of a statistically signifi-
cant difference in the allele frequencies of §;Arg389 in
African-Americans with or without heart failure.

[0069] A two-locus analysis indicates a significant inter-
action between the o.,Del322-325 and the f$; Arg389 geno-
types in African-Americans with heart failure. The combi-
nation reveals a multiplicative association (i.e. greater than
an additive effect) of the two loci with risk of heart failure
(likelihood ratio test for interaction P=0.05). Subjects are
placed into four groups as follows: homozygous for both
0,Del322-325 and  P,Arg389; homozygous for
0, Del322-325 only; homozygous for the §; Arg389 only;
and non-homozygous for both (referent genotype class).
Results are shown in Table 4 and reveal that homozygosity
for a,-Del322-325 and f;Arg389 is associated with a
substantial increased risk for heart failure in African-Ameri-
cans (unadjusted odds ratio=12.67, 95 percent confidence
interval: 2.70 to 59.42, P=0.001), relative to the referent
genotype class. When age and sex are controlled for in the
model, the odds ratio is slightly reduced but remains highly
statistically significant (adjusted odds ratio=10.11, 95 per-
cent confidence interval: 2.11 to 48.53, P=0.004).

[0070] To assess whether these findings could be
explained by two-locus genotype by diagnosis group (idio-
pathic dilated and ischemic cardiomyopathy) or hyperten-
sion status distributional differences among the cases, a
case-only analysis is performed. Among the African-Ameri-
can cases, there are no two-locus genotype frequency dif-
ferences between the two diagnosis types (chi-square=1.38,
P=0.71) or hyper- and normotensive patients (chi-square=
0.3357, P=0.95).

[0071] In Caucasians, the inventors discovered that the
allele frequency of a,-Del322-325 in heart failure patients
is higher than controls (0.105 vs 0.038, P=0.01 1) (see Table
3). The difference in significance levels is likely due to the
small number of Caucasian subjects in the a,Del322-325
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homozygote group (2 normals and 6 cases). As is seen with
the African-Americans, the frequency of the 3, Arg389 is not
different between cases and controls in Caucasians. There is
no significant association found with the two-locus model
and the risk of heart failure in Caucasians; however there is
a strong trend towards the double homozygous genotype
being a risk factor for heart failure in Caucasians, since it
occurred in 1.9% in normals and 3.7% in heart failure
patients. It is contended that the association would attain
statistical significance with larger number of patients stud-
ied.

[0072] The potential for unrecognized population stratifi-
cation between control and heart failure groups, which could
result in a spurious association in the African-Americans, is
explored by genotyping at nine highly polymorphic STR
loci, illustrated in Table 5. (Of note, since all subjects are
from the same geographic area and associations are sought
within racial groups, the likelihood of population stratifica-
tion is considered to be low.) Control and heart failure
subjects within the African-Americans show no differences
in the frequencies at these markers (see P-values in Table 5),
indicating that population stratification between cases and
controls does not account for our association findings.

[0073] Finally, the unlikely possibility of a biased result in
African-Americans, where there were sufficient numbers of
patients, is considered using contingency tables. The ages at
time of enrollment into the study are not different between
those with the various o,AR genotypes. However the odds
of failure developing before age 40 is 4.07 times higher (95
percent confidence interval: 1.25 to 13.30, P=0.023) for
0, Del322-325 carriers compared to those homozygous for
wild-type a,~AR. Further analysis utilizes the median
LVEF for all African-American patients (which is 22.0
percent) to define two groups with different predicted mor-
talities. The odds of having an LVEF =22 percent is 3.63
times higher (95 percent confidence interval: 1.17 to 11.22,
P=0.03) for o,.Del322-325 homozygotes compared to
those homozygous for wild-type a,AR. In addition, while
not wishing to be bound by theory, other studies suggest that
presence of the Del322-325 polymorphism may predict
survival. In this case, analyses is performed on patients
(n=4) who died or underwent heart transplantation during
the course of the study. Within this group, the median
duration of heart failure, defined as the age at death or
transplant minus the age at onset, is shorter in patients
homozygous for Del322-325 (4.1 years) compared to
homozygous wild-type c,,cAR (4.8 years). These results do
not suggest a “survivor effect” and support the conclusion
that it is the o,-Del322-325 allele, as opposed to the
wild-type a,AR., that is associated with the failure pheno-
type. Furthermore, since the above analysis is carried out, by
necessity, only in those with heart failure, these results
indicate that the o, DEL322-325 has not only an effect on
risk, but also identifies patients with an early-onset form of
the disease, and patients with a more severe form of the
disease. The odds of failure developing before age 40 is 4.07
times higher (95 percent confidence interval: 1.25 to 13.30,
P=0.023) for o, DEL322-325 carriers compared to those
homozygous for wild-type o,AR. The odds of having an
LVEF =22 percent is 3.63 times higher (95 percent confi-
dence interval: 1.17 to 11.22, P=0.03) for o, DE1.322-325
homozygotes compared to those homozygous for wild-type
a,cAR. As indicated, both of these associations are statis-
tically significant. For the 3, Arg389, a larger cohort of heart
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failure patients (n=216) that died or were transplanted
following enrollment are examined. Again, while not wish-
ing to be bound by theory, the duration of heart failure (years
to heart transplant or death) is shorter in individuals
homozygous for the polymorphic Arg-389 receptor (4.0
years) compared to individuals homozygous for the wild-
type Gly-389 receptor (5.6 years). In an additional analysis
of 263 patients with heart failure, an association with §; AR
genotype and hypertension is noted. Here, the mean +stan-
dard error systolic blood pressure is 110+3.7 mmHg for
patients who are homozygous for p,Gly389, 11418
mmHG for those who are heterozygous, and 122+1.8 mmHg
for those homozygous for f; Arg389. These data show that
these variants can be used to assess risk for hypertension,
and, they can serve to modify heart failure through this
effect, since hypertension can cause a worsening of ven-
tricular function in heart failure.

TABLE 2

Characteristics of the heart failure groups.

Caucasian African-American
Age (y) 546+ 11.1 489 = 11.5
Gender (% male) 76.5 59.0
NYHA class (% III or IV) 475 474
Diagnosis (%)
Idiopathic 457 83.3
Ischemic 54.3 16.7

TABLE 2-continued
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Characteristics of the heart failure groups.

Caucasian Aftican-American
Age of onset (y) 51.7 £ 10.7 463 = 11.8
Duration (y) 2.62 + 4.35 2.62 + 4.77
LVEF at enrollment (%) 248 126 254 +11.9
Expired after enrollment (%) 25.9 269
Transplanted after enrollment (%) 14.8 9.0

Other risk factors/co-morbid conditions (%)

hypertension (=140/90) 4.8 61.0
diabetes mellitus 309 25.6
hypercholesterolemia history 44.4 23.1
(2240 mg/dL)

obesity (BMI »25 kg/m?) 72.3 66.2

Smoking (%o)
(history pk yrs 210) 70.8 58.6
coneurrent 17.5 234
Medications at entry (%)
digoxin 76.5 50.0
diuretic 91.4 56.4
ACE inhibitor 82.7 92.3
B-blocker 60.5 333
[0074]
TABLE 3

Distribution of a,- and B;-adrenergic receptor variants in normal and heart

failure subjects.

odds ratio§

Allele P-value* Genotype? P-valuel (95% confidence
frequency by allele # of subjects (%) by genotype interval)
a,cDel322-325 Del WT/WT WT/Del  Del/Del
African-
Americans
Normal 0411 0.0002 29 (34.5) 41(48.8) 14(16.6) <0.0001 5.65
Heart failure 0.615 23(29.5) 14(17.9) 41(52.5) (2.67 10 11.95)
Caucasians
Normal 0.038 0011  99(943) 4(3.8) 2(19) 0132 394
Heart failure 0.105 70 (864) 5(6.2) 6(74) (0.50 10 31.05)
B Arg389 Arg Gly/Gly  Gly/Arg  Arg/Arg
African-
Americans
Normal 0.560 0.541 13 (15.5) 48(57.1) 23(274) 0270 0.90
Heart failure 0.526 19 (244) 36 (46.2) 23 (294) (0.44 10 1.84)
Caucasians
Normnal 0.762 0.640 8 (7.6) 34(324) 63 (60.0) 0360  0.80
Heart failure 0.741 4(4.9) 34(420) 43(53.1) (0.37 10 1.73)

*2 x 2 - chi-square comparing number of alleles in the normal vs heart failure groups.
TWT, wild-type a,cAR (without the deletion); Del, a,Del322-325
12 x 3 chi-square test comparing the distribution of the three possible genotypes in the normal vs heart failure

groups.

§Sex and age adjusted odds ratio for the association of heart failure with genotype (Arg/Arg vs Gly/Gly and
Gly/Arg; or Del/Del vs WT/WT and WT/Del.
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[0075]

TABLE 4

Gene-gene interactions of a,- and B-adrenergic receptor variants in heart failure.

Number of
Subjects

Heart Odds ratio*

acAR BLAR Normal failure (95% CI; P-value)
African-Ametican 84 78
21 WT =1 Gly389 49 29  1.00 (reference)
2] WT Arg389/Arg389 21 g 055

(0.21 to 1.44; P = 0.226)
Del322-325/Del322-325 =1 Gly389 12 26 3.87

(1.65 to 9.05; P = 0.002)
Del322-325/Del322-325 Arg389/Arg3R9 2 153 10.11

(2.11 to 48.53; P = 0.004)
Caucasian 105 81
21 WT =1 Gly389 42 35 1.00 (reference)
2] WT Arg389/Arg389 61 40 0.85%*

(0.39 to 1.85; P = 0.682)
Del322-325/Del322-325 =1 Gly389 0 3 undefined
Del322-325/Del322-325 Arg389/Arg389 2 30 2.14%*

(0.13 t0 36.85, P = 0.60)

*QOdds ratios adjusted for sex and age.

**Due to the cell with 0 subjects, these odds ratios represent single (2 x 2) comparisons

with the reference genotype

[0076]

TABLE 5

TABLE 5-continued
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Frequencies of short tandem repeat alleles in cases and controls™

Trequencies of short tandem repeat alleles in cases and controls™®

Caucasian African-American
Caucasian African- American
Heart Heart
Heart Heart Control Failure Control Failure
Control Failure Control Failure 16 0.052 0.006 0.050 0.047
D351358- all other 0.135 0.244 0.069 0.053
_— D21811-
14 0.094 0.164 0.150 0.127
15 0.344 0.250 0.250 0.227 27 0.031 0.046 0.094 0.067
16 0.240 0.250 0.381 0.340 28 0.167 0.158 0.206 0.240
17 0.146 0.184 0.169 0.240 29 0.198 0.263 0.175 0.240
all other 0.177 0.151 0.050 0.067 30 0.240 0.217 0.125 0.153
VWA- 31 0.094 0.039 0.100 0.067
312 0.104 0.104 0.050 0.040
14 0.146 0.110 0.099 0.093 322 0.083 0.092 0.119 0.067
15 0.083 0.104 0.191 0.193 all other 0.083 0.159 0.131 0.127
16 0.229 0.182 0.276 0.233 5 0.13% 0.167 0.056 0.081
17 0.240 0.273 0.237 0.220 13 0.128 0.080 0.056 0.068
18 0.167 0214 0.105 0.100
, 14 0.234 0.147 0.056 0.054
19 0.115 0.097 0.033 0.067 s 0160 0160 0160 018
all other 0.02 0.019 0.059 0.093 : : : :
FGA- 16 0.106 0.127 0215 0.182
17 0.085 0.113 0.090 0.182
19 0.053 0.061 0.068 0.074 18 0.021 0.093 0.118 0.005
20 0.128 0.061 0.041 0.101 19 0.021 0.020 0.132 0.088
21 0.181 0.142 0.103 0.122 all other 0.107 0.094 0.118 0.068
2 0.202 0.264 0.171 0.169 D5S818-
23 0.117 0.162 0.178 0.169 -
24 0.149 0.169 0.171 0.149 8 0.0 0.007 0.063 0.033
25 0.128 0.088 0.096 0.108 10 0.073 0.053 0.050 0.040
27 0.0 0.02 0.062 0.020 11 0.333 0.375 0.263 0.227
all other 0.043 0.034 0.110 0.088 12 0344 0.336 0.294 0.407
D8S1179- 13 0.198 0.171 0275 0.240
all other 0.052 0.059 0.056 0.053
12 0.125 0.132 0.094 0.107 D135317-
13 0.365 0.309 0163 0.253 -
14 0.219 0.184 0.394 0.387 11 0.302 0.336 0272 0.304
15 0.104 0.105 0.231 0.153 12 0.271 0.303 0418 0.466
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TABLE 5-continued TABLE 5-continued
Frequencies of short tandem repeat alleles in cases and controls* Frequencies of short tandem repeat alleles in cases and controls*®
Caucasian Aftican- American Caucasian Aftican-American
Heart Heart Heart Heart
Control Failure Control Failure Control Failure Control Failure
13 0.094 0.099 0.146 0.108 11 0.240 0.193 0.243 0.257
all other 0.334 0.263 0.165 0.122 12 0.146 0.153 0.099 0.054
D75820- all other 0.073 0.074 0.033 0.041
8 0.094 0.133 0.230 0.264
9 0.146 0.207 0.079 0.074 Comparison of frequencies of each allele revealed P values
10 0302 0.240 0316 0311 all >0.05 between control and heart failure patients within

the two racial groups.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

<210> SEQ ID NO 1

<211l> LENGTH: 1389

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 1

atggcgtcce cggegetgge ggeggcgetg goggtggogg cagceggeggg ccccaatgeg 60
agcggegegy gogagagggg cageggeggg gttgccaatg ccteggggge ttectggggg 120
ccgecgegeg gccagtactce ggegggegeg gtggcaggge tggcetgecgt ggtgggette 180
ctcatcgtcet tcaccgtggt gggcaacgtg ctggtggtga tcgcecgtget gaccagccgg 240
gcgctgegeg cgccacagaa cctcttecetg gtgtegetgg cctcggecga catcectggtg 300
gccacgctgg tcatgcecctt ctegttggcce aacgagctca tggcctactg gtactteggg 360
caggtgtggt gcggcgtgta cctggcgectc gatgtgetgt tttgcacctce gtcgatcgtg 420
catctgtgtg ccatcagcct ggaccgctac tggtcggtga cgcaggecgt cgagtacaac 480
ctgaagcgca caccacgccg cgtcaaggcc accatcgtcg ccgtgtgget catctcggec 540
gtcatctcet tccegeeget ggtctcgete taccgecage ccgacggege cgcctacceg 600
cagtgcggcce tcaacgacga gacctggtac atcctgtcct cctgecatcgg ctecttette 660
gcgccctgee tcatcatggg cctggtctac gocgeogecatct accgagtgge caagectgcge 720
acgcgcacgc tcagcgagaa gcgcgccccc gtgggocccg acggtgcegtc cccgactacce 780
gaaaacgggc tgggcgcggc ggcaggcgca ggcgagaacg ggcactgcgc gcccccgcocc 840
gccgacgtgg agccggacga gagcagcgca gcggccgaga ggcggcggcg ccggggegcg 900
ttgeggeggy gegggeggeg gegageggge geggagggyyy gegegggegy tgcggacggy 960
cagggggcgg ggccgggggc ggctgagteg ggggcgetga ccgcectecag gtecccgggg 1020
cccggtggee gecctetegeg cgeocagetcg cgctcegteg agttetteet gtcgegecgg 1080

cgeecgggege gcagcagegt gtgeccegecge aaggtggecc aggcegegcega gaagcegette 1140
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-continued

acctttgtge tggectgtggt catgggegtg ttegtgetet getggttece cttettette 1200
agctacagcc tgtacggcat ctgccgegag gectgocagg tgeccggece getcttcaag 1260
ttettettet ggatcggeta ctgcaacage tcgoctcaacce cggtcatcta cacggtette 1320
aaccaggatt tccggcgatc ctttaagcac atcctcottee gacggaggag aaggggette 1380
aggcagtga 1389
<210> SEQ ID NO 2

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 2

g9999c9ggge cg 12

<210> SEQ ID NO 3

<211> LENGTH: 1360

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 3

atggegtece cggegetgge ggeggegetg geggtggegg cageggeggg ccccaatgeqg 60
ageggegegyg gegagagggg cageggeggg gttgecaatg ceoteggggge tteetggggg 120
cegecgegeg gecagtacte ggegggegeg gtggeaggge tggetgecgt ggtgggette 180
cteategtet tcacegtggt gggeaacgtg ctggtggtga tegecgtget gaccagecgg 240
gegetgegeg cgecacagaa cctetteetg gtgtegetgg ceteggecga catcetggtyg 300
gccacgetgg tcatgeccett ctegttggee aacgagetca tggectactg gtactteggg 360
caggtgtggt gcggegtgta cctggegete gatgtgetgt tttgcaccte gtcgategtg 420
catetgtgtg ccatecagect ggaccgetac tggteggtga cgcaggecgt cgagtacaac 480
ctgaagcgea caccacgcecg cgtcaaggece accatcgteg ccgtgtgget catcteggee 540
gtcatctcet tcecegecget ggtctegete taccgeoccage ccgacggege cgectacecg 600
cagtgcggee tcaacgacga gacctggtac atcctgtcet cctgecatcegg ctecttette 660
gegeectgee tcatcatggg cctggtctac gegegecatet accgagtgge caagctgege 720
acgcgcacge tcagecgagaa gcgcgecccce gtgggccccg acggtgegtce cccgactace 780
gaaaacgggce tgggecgegge ggcaggcgca ggcgagaacqg ggcactgeoge gcccccgece 840
gccgacgtgg agccggacga gagcagcgca gcoggcocgaga ggceggceggceg ccggggegeg 900
ttgoggeggg gegggeggeyg gcgageggge geggaggggy gegegggegyg tgcggacggg 960
cagggggcegg ctgagtcggg ggegetgacce gectccaggt ccccggggec cggtggecege 1020
ctcetegegeg ccagetegeg ctcoegtegag ttettocetgt cgegecggeg cegggegege 1080
agcagcgtgt gccgecgcaa ggtggcccag gegegocgaga agegettcac ctttgtgetg 1140
gctgtggtca tgggegtgtt cgtgetetge tggttceccet tettettcag ctacagecetg 1200
tacggcatect gecegegagge ctgccaggtg cccocggocege tcottcaagtt cttettetgg 1260
atcggctact gcaacagctce gectcaaccceg gtcatctaca cggtettcaa ccaggattte 1320

cggegatccet ttaagcacat cctettccga cggaggagaa 1360
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-continued

<210> SEQ ID NO 4

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 4

ggggcggety ag 12
<210> SEQ ID NO 5

<211> LENGTH: 462

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 5

Met Ala Ser Pro Ala Leu Ala Ala Ala Leu Ala Val Ala Ala Ala Ala
1 5 10 15

Gly Pro Asn Ala Ser Gly Ala Gly Glu Arg Gly Ser Gly Gly Val Ala
20 25 30

Asn Ala Ser Gly Ala Ser Trp Gly Pro Pro Arg Gly Gln Tyr Ser Ala
Gly Ala Val Ala Gly Leu Ala Ala Val Val Gly Phe Leu Ile Val Phe
50 55 60

Thr Val Val Gly Asn Val Leu Val Val Ile Ala Val Leu Thr Ser Arg
65 70 75 80

Ala Leu Arg Ala Pro Gln Asn Leu Phe Leu Val Ser Leu Ala Ser Ala
85 90 95

Asp Ile Leu Val Ala Thr Leu Val Met Pro Phe Ser Leu Ala Asn Glu
100 105 110

Leu Met Ala Tyr Trp Tyr Phe Gly Gln Val Trp Cys Gly Val Tyr Leu
115 120 125

Ala Leu Asp Val Leu Phe Cys Thr Ser Ser Ile Val His Leu Cys Ala
130 135 140

Ile Ser Leu Asp Arg Tyr Trp Ser Val Thr Gln Ala Val Glu Tyr Asn
145 150 155 160

Leu Lys Arg Thr Pro Arg Arg Val Lys Ala Thr Ile Val Ala Val Trp
165 170 175

Leu Ile Ser Ala Val Ile Ser Phe Pro Pro Leu Val Ser Leu Tyr Arg
180 185 190

Gln Pro Asp Gly Ala Ala Tyr Pro Gln Cys Gly Leu Asn Asp Glu Thr
195 200 205

Trp Tyr Ile Leu Ser Ser Cys Ile Gly Ser Phe Phe Ala Pro Cys Leu
210 215 220

Ile Met Gly Leu Val Tyr Ala Arg Ile Tyr Arg Val Ala Lys Leu Arg
225 230 235 240

Thr Arg Thr Leu Ser Glu Lys Arg Ala Pro Val Gly Pro Asp Gly Ala
245 250 255

Ser Pro Thr Thr Glu Asn Gly Leu Gly Ala Ala Ala Gly Ala Gly Glu
260 265 270

Asn Gly His Cys Ala Pro Pro Pro Ala Asp Val Glu Pro Asp Glu Ser
275 280 285

Ser Ala Ala Ala Glu Arg Arg Arg Arg Arg Gly Ala Leu Arg Arg Gly
290 295 300

Gly Arg Arg Arg Ala Gly Ala Glu Gly Gly Ala Gly Gly Ala 2Asp Gly
305 310 315 320
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-continued

Gln Gly Ala Gly Pro Gly Ala Ala Glu Ser Gly Ala Leu Thr Ala Ser
325 330 335

Arg Ser Pro Gly Pro Gly Gly Arg Leu Ser Arg Ala Ser Ser Arg Ser
340 345 350

Val Glu Phe Phe Leu Ser Arg Arg Arg Arg Ala Arg Ser Ser Val Cys
355 360 365

Arg Arg Lys Val Ala Gln Ala Arg Glu Lys Arg Phe Thr Phe Val Leu
370 375 380

Ala Val Val Met Gly Val Phe Val Leu Cys Trp Phe Pro Phe Phe Fhe
385 390 395 400

Ser Tyr Ser Leu Tyr Gly Ile Cys Arg Glu Ala Cys Gln Val Pro Gly
405 410 415

Pro Leu Phe Lys Phe Phe Phe Trp Ile Gly Tyr Cys Asn Ser Ser Leu
420 425 430

Asn Pro Val Ile Tyr Thr Val Phe Asn Gln Asp Phe Arg Arg Ser FPhe
435 440 445

Lys His Ile Leu Phe Arg Arg Arg Arg Arg Gly Phe Arg Gln
450 455 460

<210> SEQ ID NO 6

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 6
Gly Ala Gly Pro

1

<210> SEQ ID NO 7

<211> LENGTH: 458

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 7

Met Ala Ser Pro Ala Leu Ala Ala Ala Leu Ala Val Ala Ala Ala Ala
1 5 10 15

Gly Pro Asn Ala Ser Gly Ala Gly Glu Arg Gly Ser Gly Gly Val Ala
20 25 30

Asn Ala Ser Gly Ala Ser Trp Gly Pro Pro Arg Gly Gln Tyr Ser Ala
35 40 45

Gly Ala Val Ala Gly Leu Ala Ala Val Val Gly Phe Leu Ile Val Phe
50 55 60

Thr Val Val Gly Asn Val Leu Val Val Ile Ala Val Leu Thr Ser Arg
65 70 75 80

Ala Leu Arg Ala Pro Gln Asn Leu Phe Leu Val Ser Leu Ala Ser Ala
85 90 95

Asp Ile Leu Val Ala Thr Leu Val Met Pro Phe Ser Leu Ala Asn Glu
100 105 110

Leu Met Ala Tyr Trp Tyr Phe Gly Gln Val Trp Cys Gly Val Tyr Leu
115 120 125

Ala Leu Asp Val Leu Phe Cys Thr Ser Ser Ile Val His Leu Cys Ala
130 135 140

Ile Ser Leu Asp Arg Tyr Trp Ser Val Thr Gln Ala Val Glu Tyr Asn
145 150 155 160
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-continued

Leu Lys Arg Thr Pro Arg Arg Val Lys Ala Thr Ile Val Ala Val Trp
165 170 175

Leu Ile Ser Ala Val Ile Ser Phe Pro Pro Leu Val Ser Leu Tyr Arg
180 185 190

Gln Pro Asp Gly Ala Ala Tyr Pro Gln Cys Gly Leu Asn Asp Glu Thr
195 200 205

Trp Tyr Ile Leu Ser Ser Cys Ile Gly Ser Phe Phe Ala Pro Cys Leu
210 215 220

Ile Met Gly Leu Val Tyr Ala Arg Ile Tyr Arg Val Ala Lys Leu Arg
225 230 235 240

Thr Arg Thr Leu Ser Glu Lys Arg Ala Pro Val Gly Pro Asp Gly Ala
245 250 255

Ser Pro Thr Thr Glu Asn Gly Leu Gly Ala Ala Ala Gly Ala Gly Glu
260 265 270

Asn Gly His Cys Ala Pro Pro Pro Ala Asp Val Glu Pro Asp Glu Ser
275 280 285

Ser Ala Ala Ala Glu Arg Arg Arg Arg Arg Gly Ala Leu Arg Arg Gly
290 295 300

Gly Arg Arg Arg Ala Gly Ala Glu Gly Gly Ala Gly Gly Ala Asp Gly
305 310 315 320

Gln Gly Ala Ala Glu Ser Gly Ala Leu Thr Ala Ser Arg Ser Pro Gly
325 330 335

Pro Gly Gly Arg Leu Ser Arg Ala Ser Ser Arg Ser Val Glu Phe Phe
340 345 350

Leu Ser Arg Arg Arg Arg Ala Arg Ser Ser Val Cys Arg Arg Lys Val
355 360 365

Ala Gln Ala Arg Glu Lys Arg Phe Thr Phe Val Leu Ala Val Val Met
370 375 380

Gly Val Phe Val Leu Cys Trp Phe Pro Phe Phe Phe Ser Tyr Ser Leu
385 390 395 400

Tyr Gly Ile Cys Arg Glu Ala Cys Gln Val Pro Gly Pro Leu Phe Lys
405 410 415

Phe Phe Phe Trp Ile Gly Tyr Cys Asn Ser Ser Leu Asn Pro Val Ile
420 425 430

Tyr Thr Val Phe Asn Gln Asp Phe Arg Arg Ser Phe Lys His Ile Leu
435 440 445

Phe Arg Arg Arg Arg Arg Gly Phe Arg Gln
450 455

<210> SEQ ID NO 8

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 8
Gly Ala Ala Glu

1

<210> SEQ ID NO 9

<211> LENGTH: 1431

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 9
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-continued

atgggcgcgg gggtgctcegt cctgggcgec tccgagcccg gtaacctgtce gtcggccgea 60
ccgctccceg acggegcgge caccgceggceg cggetgetgg tgccecgegte gccgeccgece 120
tecgttgetge cteccgecag cgaaagccce gagccgetgt ctcagcagtg gacagceggge 180
atgggtctge tgatggcgct catcgtgetg ctcatcgtgg cgggcaatgt gctggtgatc 240
gtggccatcg ccaagacgcc gcggctgcag acgctcacca acctcttcat catgtcccetg 300
gccagcgccg acctggtcat ggggetgetg gtggtgccegt tcggggecac catcgtggtg 360
tggggccget gggagtacqgg ctccttettce tgcgagetgt ggacctcagt ggacgtgcetg 420
tgcgtgacgg ccagcatcga gaccctgtgt gtcattgecce tggaccgcta cctcgecatc 480
acctcgccct tccgectacca gagcctgetg acgegcgege gggcgegggg cctegtgtge 540
accgtgtggg ccatctcgge cctggtgtece ttcctgccca tcctcatgca ctggtggegg 600
gcggagagcg acgaggcgcg ccgctgctac aacgacccca agtgctgcga cttcgtcacc 660
aaccgggcct acgccatcge ctcegtccgta gtcteccocttet acgtgcccct gtgcatcatg 720
gccttcgtgt acctgcgggt gttccgcgag gcccagaage aggtgaagaa gatcgacagce 780
tgcgagcgec gtttcctegg cggcccageg cggccgecect cgecetegec ctegeccgte 840
cocegegeccg cgecgeegee cggacceceg cgeoecgecqg cegeegeage caccgecccqg 900
ctggccaacqg ggcgtgcggg taagcggcgg ccctcgegece tcgtggecct acgcgagcag 960
aaggcgcetca agacgetgqgg catcatcatg ggegteottea cgetetgetg getgecette 1020
ttectggeca acgtggtgaa ggccttecac cgegagetgg tgeccgaceg cetettegte 1080
ttetteaact ggetgggeta cgcecaacteg gecttcaace ccatcatceta ctgecgeage 1140
ccegacttee gecaaggectt ccagggactg ctetgetgeg cgegeaggge tgeccegecgyg 1200
cgcoacgega cccacggaga ccggecgege gecteggget gtetggeceg geccggacce 1260
cegecatege ceggggecge cteggacgac gacgacgacqd atgtegtegg ggecacgecyg 1320
ccegegegee tgetggagee ctgggecgge tgcaacggeg gggeggegge ggacagcgac 1380
tegagectgg acgagecegtg ccgeccegge ttegectegg aatccaaggt g 1431
<210> SEQ ID NO 10

<211> LENGTH: 477

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 10

Met Gly Ala Gly Val Leu Val Leu Gly Ala Ser Glu Pro Gly Asn Leu
1 5 10 15

Ser Ser Ala Ala Pro Leu Pro Asp Gly Ala Ala Thr Ala Ala Arg Leu
20 25 30

Leu Val Pro Ala Ser Pro Pro Ala Ser Leu Leu Pro Pro Ala Ser Glu
Ser Pro Glu Pro Leu Ser Gln Gln Trp Thr Ala Gly Met Gly Leu Leu
50 55 60

Met Ala Leu Ile Val Leu Leu Ile Val Ala Gly Asn Val Leu Val Ile
65 70 75 80

Val Ala Ile Ala Lys Thr Pro Arg Leu Gln Thr Leu Thr Asn Leu Phe
85 90 95

Ile Met Ser Leu Ala Ser Ala Asp Leu Val Met Gly Leu Leu Val Val
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100 105 110

Pro Phe Gly Ala Thr Ile Val Val Trp Gly Arg Trp Glu Tyr Gly Ser
115 120 125

Phe Phe Cys Glu Leu Trp Thr Ser Val Asp Val Leu Cys Val Thr Ala
130 135 140

Ser Ile Glu Thr Leu Cys Val Ile Ala Leu Asp Arg Tyr Leu Ala Ile
145 150 155 160

Thr Ser Pro Phe Arg Tyr Gln Ser Leu Leu Thr Arg Ala Arg Ala Arg
165 170 175

Gly Leu Val Cys Thr Val Trp Ala Ile Ser Ala Leu Val Ser Phe Leu
180 185 190

Pro Ile Leu Met His Trp Trp Arg Ala Glu Ser Asp Glu Ala Arg Arg
195 200 205

Cys Tyr Asn Asp Pro Lys Cys Cys Asp Phe Val Thr Asn Arg Ala Tyr
210 215 220

Ala Ile Ala Ser Ser Val Val Ser Phe Tyr Val Pro Leu Cys Ile Met
225 230 235 240

Ala Phe Val Tyr Leu Arg Val Phe Arg Glu Ala Gln Lys Gln Val Lys
245 250 255

Lys Ile Asp Ser Cys Glu Arg Arg Phe Leu Gly Gly Pro Ala Arg Pro
260 265 270

Pro Ser Pro Ser Pro Ser Pro Val Pro Ala Pro Ala Pro Pro Pro Gly
275 280 285

Pro Pro Arg Pro Ala Ala Ala Ala Ala Thr Ala Pro Leu Ala Asn Gly
290 295 300

Arg Ala Gly Lys Arg Arg Pro Ser Arg Leu Val Ala Leu Arg Glu Gln
305 310 315 320

Lys Ala Leu Lys Thr Leu Gly Ile Ile Met Gly Val Phe Thr Leu Cys
325 330 335

Trp Leu Pro Phe Phe Leu Ala Asn Val Val Lys Ala Phe His Arg Glu
340 345 350

Leu Val Pro Asp Arg Leu Phe Val Phe Phe Asn Trp Leu Gly Tyr Ala
355 360 365

Asn Ser Ala Phe Asn Pro Ile Ile Tyr Cys Arg Ser Pro Asp Phe Arg
370 375 380

Lys Ala Phe Gln Gly Leu Leu Cys Cys Ala Arg Arg Ala Ala Arg Arg
385 390 395 400

Arg His Ala Thr His Gly Asp Arg Pro Arg Ala Ser Gly Cys Leu Ala
405 410 415

Arg Pro Gly Pro Pro Pro Ser Pro Gly Ala Ala Ser Asp Asp Asp Asp
420 425 430

Asp Asp Val Val Gly Ala Thr Pro Pro Ala Arg Leu Leu Glu Pro Trp
435 440 445

Ala Gly Cys Asn Gly Gly Ala Ala Ala Asp Ser Asp Ser Ser Leu Asp
450 455 460

Glu Pro Cys Arg Pro Gly Phe Ala Ser Glu Ser Lys Val
465 470 475

«210> SEQ ID NO 11

<211> LENGTH: 1431

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
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-continued

<400> SEQUENCE: 11

atgggcgcgg gggtgctcegt cctgggcgec tccgagccecg gtaacctgtce gtcggccgea 60
ccgcoctcecceg acggegegge caccgceggceg cggcetgetgg tgccecgegte gccgeccgece 120
tecgttgetge cteccgecag cgaaagcccce gagccgetgt ctcagcagtg gacagcggge 180
atgggtctge tgatggcgct catcgtgetg ctcatcgtgg cgggcaatgt gctggtgatc 240
gtggccatcg ccaagacgcc gcggctgcag acgctcacca acctcttcat catgtcccetg 300
gccagcgccg acctggtcat ggggetgetg gtggtgccegt tcggggecac catcgtggtg 360
tggggccget gggagtacqgg ctccttettce tgcgagetgt ggacctcagt ggacgtgcetg 420
tgcgtgacgg ccagcatcga gaccctgtgt gtcattgecce tggaccgcta cctcgecatc 480
acctcgccct tccgectacca gagcctgetg acgegcgege gggcgegggg cctegtgtge 540
accgtgtggg ccatctcgge cctggtgtecce ttcctgccca tcctcatgca ctggtggegg 600
gcggagagcg acgaggcgcg ccgctgctac aacgacccca agtgctgcga cttcgtcacc 660
aaccgggcct acgccatcge ctcegtccgta gtctccocttet acgtgcccct gtgcatcatg 720
gccttcgtgt acctgcgggt gttccgcgag gcccagaage aggtgaagaa gatcgacagce 780
tgegagegee gtttectegyg cggeccageg cggecgeect cgecetegee ctegecegte 840
ccecgegeccg cgocgcocgee cggaccccog cgcocccgecg cogcogeoge caccgecccg 900
ctggecaacy ggegtgeggg taageggegg ccctegegee tegtggecct acgegageag 960
aaggcgcetca agacgetgqgg catcatcatg ggegteottea cgetetgetg getgecette 1020
ttectggeca acgtggtgaa ggccttecac cgegagetgy tgeccgaceg cetettegte 1080
ttetteaact ggetgggeta cgcecaacteg gecttcaace ccatcatceta ctgecgeage 1140
ccegacttee gcaaggcectt ccagegactg ctetgetgeg cgegecaggge tgecccgecgg 1200
cgcecacgega cccacggaga ccggecgege gecteggget gtetggeceg geccggacec 1260
ccgecatege ccggggecge ctcggacgac gacgacgacg atgtegtcegg ggccacgecg 1320
ccegegegee tgetggagee ctgggecgge tgcaacggeg gggeggegge ggacagcgac 1380
tecgageetgg acgagecgtg ccgeccegge ttegectegg aatccaaggt g 1431
<210> SEQ ID NO 12

<211> LENGTH: 477

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 12

Met Gly Ala Gly Val Leu Val Leu Gly Ala Ser Glu Pro Gly Asn Leu
1 5 10 15

Ser Ser Ala Ala Pro Leu Pro Asp Gly Ala Ala Thr Ala Ala Arg Leu
20 25 30

Leu Val Pro Ala Ser Pro Pro Ala Ser Leu Leu Pro Pro Ala Ser Glu
35 40 45

Ser Pro Glu Pro Leu Ser Gln Gln Trp Thr Ala Gly Met Gly Leu Leu
50 55 60

Met Ala Leu Ile Val Leu Leu Ile Val Ala Gly Asn Val Leu Val Ile
65 70 75 80

Val Ala Ile Ala Lys Thr Pro Arg Leu Gln Thr Leu Thr Asn Leu Phe
85 90 95
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Ile Met Ser Leu Ala Ser Ala Asp Leu Val Met Gly Leu Leu Val Val
100 105 110

Pro Phe Gly Ala Thr Ile Val Val Trp Gly Arg Trp Glu Tyr Gly Ser
115 120 125

Phe Phe Cys Glu Leu Trp Thr Ser Val Asp Val Leu Cys Val Thr Ala
130 135 140

Ser Ile Glu Thr Leu Cys Val Ile Ala Leu Asp Arg Tyr Leu Ala Ile
145 150 155 160

Thr Ser Pro Phe Arg Tyr Gln Ser Leu Leu Thr Arg Ala Arg Ala Arg
165 170 175

Gly Leu Val Cys Thr Val Trp Ala Ile Ser Ala Leu Val Ser Phe Leu
180 185 190

Pro Ile Leu Met His Trp Trp Arg Ala Glu Ser Asp Glu Ala Arg Arg
195 200 205

Cys Tyr Asn Asp Pro Lys Cys Cys Asp Phe Val Thr Asn Arg Ala Tyr
210 215 220

Ala Ile Ala Ser Ser Val Val Ser Phe Tyr Val Pro Leu Cys Ile Met
225 230 235 240

Ala Phe Val Tyr Leu Arg Val Phe Arg Glu Ala Gln Lys Gln Val Lys
245 250 255

Lys Ile Asp Ser Cys Glu Arg Arg Phe Leu Gly Gly Pro Ala Arg Pro
260 265 270

Pro Ser Pro Ser Pro Ser Pro Val Pro Ala Pro Ala Pro Pro Pro Gly
275 280 285

Pro Pro Arg Pro Ala Ala Ala Ala Ala Thr Ala Pro Leu Ala Asn Gly
290 295 300

Arg Ala Gly Lys Arg Arg Pro Ser Arg Leu Val Ala Leu Arg Glu Gln
305 310 315 320

Lys Ala Leu Lys Thr Leu Gly Ile Ile Met Gly Val Phe Thr Leu Cys
325 330 335

Trp Leu Pro Phe Phe Leu Ala Asn Val Val Lys Ala Phe His Arg Glu
340 345 350

Leu Val Pro Asp Arg Leu Phe Val Phe Phe Asn Trp Leu Gly Tyr Ala
355 360 365

Asn Ser Ala Phe Asn Pro Ile Ile Tyr Cys Arg Ser Pro Asp Phe Arg
370 375 380

Lys Ala Phe Gln Arg Leu Leu Cys Cys Ala Arg Arg Ala Ala Arg Arg
385 390 395 400

Arqg His Ala Thr His Gly Asp Arg Pro Arg Ala Ser Gly Cys Leu Ala
405 410 415

Arg Pro Gly Pro Pro Pro Ser Pro Gly Ala Ala Ser Asp Asp Asp Asp
420 425 430

Asp Asp Val Val Gly Ala Thr Pro Pro Ala Arg Leu Leu Glu Pro Trp
435 440 445

Ala Gly Cys Asn Gly Gly Ala Ala Ala Asp Ser Asp Ser Ser Leu Asp
450 455 160

Glu Pro Cys Arg Pro Gly Phe Ala Ser Glu Ser Lys Val
465 470 475

<210> SEQ ID NO 13
<211> LENGTH: 29
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-continued

<212> TYPE: DNA
<213> ORGANISM: homo sapiens

<400> SEQUENCE: 13

acgggcaggg ggcggggcecyg ggggegget

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 14

acgggcaggg ggcggct

<210> SEQ ID NO 15

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 15
gccttccagg gactgctct

<210> SEQ ID NO 16

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 16

geettecage gactgetet

29

17

19

19

1. A method for cardiovascular disease assessment in an
individual, comprising the steps of:

a. obtainng information regarding the presence or absence
of a deletion of amino acids 322-355 in an alpha-2C
adrenergic receptor (ct,DEL322-325) in a sample
from an individual;

b. obtainin information regarding the presence or absence
of an arginine at position 389 of a beta-1 adrenergic
receptor (B; Arg389) in a sample from the individual;
and

c. if both a, DEL322-325 is present and f,Arg389 is
present, assessing that the individual is at increased risk
for cardiovascular disease.

2. The method according to claim 1, wherein the sample
comprises blood sample, body fluid, tissue sample, or com-
binations thereof.

3. The method according to claim 1, wherein the infor-
mation is obtained from a nucleic acid assay or a protein
assay.

4. The method according to claim 1, wherein the cardio-
vascular disease comprises stroke, vascular embolism, vas-
cular thrombosis, heart failure, cardiac arrhythmias, myo-
cardial  infarction, myocardial ischemia, angina,
hypertension, hypotension, shock, sudden cardiac death, or
combinations thereof.

5. The method according to claim 4, wherein the cardio-
vascular disease is heart failure.

6. The method of claim 1, further comprising the step of
selecting a therapy regimen for the individual based on the

presence of both o,DEL322-325 and f§, Arg389, wherein
the therapy regimen delays development of cardiovascular
disease in the individual.

7. (cancel)

8. (cancel)

9. (cancel)

10. (cancel)

11. The method according to claim 6, wherein the therapy
regimen comprises administration of agonists and/or antago-
nists of a,DEL322-325 and 3, Arg389.

12. The method according to claim 6, wherein the therapy
regimen comprises life-style changes.

13. The method of claim 6, wherein progression or early
death associated with the cardiovascular disease is delayed.

14. (cancel)

15. (cancel)

16. (cancel)

17. (cancel)

18. The method of claim 1, further comprising the step of
counseling the individual regarding the potential risk of
developing a cardiovascular disease based on the presence
of both o, DEL322-325 and f§, Arg389.

19. (cancel)

20. (cancel)

21. (cancel)

22. (cancel)

23. (cancel)
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