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HEART FAILURE ASSESSMENT BASED ON
ALPHA-2C ADRENERGIC RECEPTOR
POLYMORPHISMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of International
Application No. PCT/US2003/028135, published in English
under PCT Article 21(2), filed Sep. 9, 2003, which claims
priority to 60/409,167, filed Sep. 9, 2002.

GOVERNMENT INTERESTS

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

The present invention is directed toward methods for car-
diovascular disease assessment in an individual. The present
invention is also directed towards methods for delaying
development of cardiovascular disease in an individual. The
present invention is also directed towards methods for delay-
ing progression or early death associated with cardiovascular
disease in an individual. The present invention is further
directed towards methods of genetic counseling for cardio-
vascular disease in an individual.

BACKGROUND OF THE INVENTION

Heart failure is a major cause of death and disability. Some
common forms of heart failure include idiopathic dilated
cardiomyopathy (etiology unknown), hypertensive cardi-
omyopathy (similar to idiopathic dilated but with antecedent
hypertension), hypertrophic cardiomyopathy, and ischemic
cardiomyopathy. Regardless of the initial cause, studies sug-
gest 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 car-
diac dysfunction and the progression of heart failure. Thus, it
would be advantageous to develop methods to assess cardio-
vascular diseases in an individual.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to provide
methods of cardiovascular disease assessment in an indi-
vidual.

Inaccordance with one aspect of the invention, methods for
cardiovascular disease assessment in an individual are pro-
vided. The methods comprise the steps of detecting the pres-
ence or absence of a fragment encoding a polymorphic alpha-
2C (o, 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
(B,Arg389) in a sample from the individual.

Inaccordance 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 (o, [DEL322-325) adrenergic recep-
tor in a sample from an individual; detecting the presence or
absence of a fragment encoding a polymorphic beta-1 adren-
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ergic 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, DE[322-325 and [}, Arg389.
The therapy regimen delays development of cardiovascular
disease in the individual.

In accordance with yet another aspect of the invention,
methods for delaying progression or early death associated
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 o, DEL322-325 and f, Arg389. Progression or
early death associated with the cardiovascular disease is
delayed.

In accordance with yet another aspect of the invention,
methods of genetic counseling for 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 recep-
tor in a sample from an individual; detecting the presence or
absence of'a fragment encoding a polymorphic beta-1 adren-
ergic receptor (€6, 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 a.,-DEL.322-325 and 3, Arg389.

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

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

FIG. 1isanillustration ofthe synergism of o, -Del322-325
and , Arg389 adrenergic receptors as risk factors for heart
failure;

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. Each multicolored lane represents fluo-
rescence output from a single patient, which is scored by a
computer algorithm. The red signals are molecular-size
markers;

FIGS. 3A and 3B depict sequence analysis of PCR prod-
ucts spanning the alpha-2C adrenergic receptor;

FIG. 3C depicts restriction enzyme digestion of PCR prod-
ucts spanning the alpha-2C adrenergic receptor;

FIGS. 4A and 4B depict sequence analysis of PCR prod-
ucts spanning the beta-1 adrenergic receptor;

FIG. 4C depicts restriction enzyme digestion of PCR prod-
ucts spanning the beta-1 adrenergic receptor;

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 forskolin (B). The
results of similar studies with two other clonal lines are shown
in panels C and D. The Arg-389 demonstrated small increases
in basal activities and marked increases in agonist-stimulated
activities compared with the 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
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FIG. 6 illustrates [>'S]GTPyS binding to the two polymor-
phic $,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 percentage of binding to the
wild-type (Gly389) receptor (mean absolute values were
7.7£1.4x10° dpm/mg for Gly-389). Basal levels of binding
are not different between the two receptors. nt, nontransfected
cells.

DETAILED DESCRIPTION OF THE INVENTION

The major cardiac receptors which control sympathetic
drive are the beta-1 adrenergic receptor (8, AR) and the alpha-
2C adrenergic receptor (o, ~AR). However, there is signifi-
cant interindividual variation in the expression and function
of these adrenergic receptors, the development and progres-
sion of heart failure, and the response to therapy including
drugs targeted to ;AR (such as p-blockers) and o, ~AR.

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 adr-
energic receptors (c,,AR), while the target of the released
norepinephrine on myocytes are beta-1 adrenergic receptors
(B,AR). The inventors have discovered that a polymorphic
alpha-2C adrenergic receptor (o, -DEL322-325) displays
decreased function while a polymorphic f,AR (3, Arg389)
displays increased function. Furthermore, the inventors have
discovered that the combination of these receptor polymor-
phisms predisposes individuals to cardiovascular disease, and
in one specific embodiment, to heart failure.

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

The alpha-2 adrenergic receptors are localized at the cell
membrane and serve as receptors for endogenous catechola-
mine agonists 1.e., epinephrine and norepinephrine, and syn-
thetic agonists and antagonists. Upon binding of the agonist,
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adrenal gland and spinal cord. Alpha-2C plays specific roles
in certain central nervous system functions. These roles
include, but are not limited to, modulation of the acoustic
startle reflex, prepulse inhibition, isolation induced aggres-
sion, spatial working memory, development of behavioral
despair, body temperature regulation, dopamine and seroto-
nin metabolism, presynaptic control of neurotransmitter
release from cardiac sympathetic nerves and central neurons,
postunctional regulation of vascular tone, or combinations
thereof.

The inventors have discovered a polymorphic alpha-2C
adrenergic receptor(a,-DEL322-325). 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 fre-
quencies in a population and they are referred to as variants,
or the specific substitution is designated in the name. Poly-
morphisms 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. Nonsynonymous polymorphism when present in the
coding region alter one or more codons resulting in an amino
acid replacement loss or insertion in the protein.

Such mutations and polymorphisms may be either het-
erozygous or homozygous within an individual. Homozy-
gous individuals have identical alleles at one or more corre-
sponding loci on homologous chromosomes. While
heterozygous individuals have two different alleles at one or
more corresponding loci on homologous chromosomes.
Some members of a species carry a gene with one sequence
(e.g., the original or wild-type “allele”), whereas other mem-
bers 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 ggggceggggecyg 322-325 of IN322-325
SEQ ID NO: 1 SEQ ID NO: 2 SEQ ID NO: 5 GAGP

Polymorphic 964-975 of
SEQ ID NO:

SEQ ID NO: 6

322-325 of
SEQ ID NO: 7

DEL322-325
GAAE
SEQ ID NO: 8

ggggeggetgag
3 SEQ ID NO: 4

the receptors stabilize in a conformation that favors contact
with all activation of certain heterotrimeric G proteins. These
include G,,, G,,, G,; 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 sec-
ond messenger). The alpha subunits, and/or the beta-gamma
subunits of these G proteins also act to activate MAP kinase,
open potassium channels, inhibit voltage gated calcium chan-
nels, and stimulate inositol phosphate accumulation. The
physiologic consequences of the initiation of these events
include inhibition of neurotransmitter release from central
and peripheral noradrenergic neurons.

Specifically, the alpha-2C adrenergic receptor (alpha-2C)
has beenlocalized in brain, blood vessels, heart, lung, skeletal
muscle, pancreas, kidney, prostate, ileum jejunum, spleen,
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As detailed in Table 1, the wild-type alpha-2C adrenergic
receptor is identified as SEQ 1D NO:1 (Genbank Accession
AF280399). The wild-type alpha-2C adrenergic receptor
comprises ggggeggggccg at nucleotide positions 964-975
designated as SEQ ID NO:2.

SEQ ID NO: 3 (Genbank Accession AF280400) is the
entire polymorphic nucleic acid sequence of alpha-2C adren-
ergic receptor with a deletion of SEQ ID NO:2 at nucleic acid
positions 964-975. This deletion shifts the nucleotide
sequence ggggcggctgag, SEQ ID NO: 4, into nucleic acid
positions 964-975. Thus, SEQ ID NO: 3 comprises a twelve
nucleotide deletion at nucleotide positions 964-975 when
compared to the wild-type acid sequence identified as SEQ
ID NO: 1.
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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 receptor designated
amino acid SEQ ID NO: 5. The wild-type alpha-2C adrenet-
gic receptor comprises GAGP at amino acid positions 322-
325 of the alpha-2C adrenergic receptor which is designated
amino acid SEQ ID NO: 6.

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.

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. More-
over, the entire polymorphic amino acid sequence of alpha-
2C adrenergic receptor, as identified by SEQ ID NO: 7, may
be referred to as o, -DEL.322-325.

Beta-1 Adrenergic Receptor

The beta-1 adrenergic receptor (f,AR) is a member of the
adrenergic family of G-protein-coupled receptors, with epi-
nephrine and norepinephrine being endogenous agonists.
Like other members of the G-protein-coupled receptor supet-
family, 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 transmem-
brane-spanning domains, and G-protein binding and activa-
tion oceur at intracellular domains of the loops and tail, typi-
cally near the membrane.

[, PARs couple to the slimulatory G-protein, G, activating
adenylyl cyclase, as well as to non-cAMP pathways such as
the activation of ion channels. 3, ARs are expressed on a
number of cell types including cardiomyocytes where they
serve to increase cardiac inotropy and chronotropy, adipo-
cytes 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
B,AR, are somewhat variable in the human population. A
common single nucleotide polymorphism resulting in a Gly
to Arg switch at intracellular amino acid 389, may occur
within a region important for G-protein coupling. The result-
ing phenotype of the Arg-389 receptor is one of enhanced
receptor-G, interaction, functionally manifested as increased
activation of the adenylyl cyclase effector.

In the normal human population there are two f; 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 intrac-
ellular portion of the tail prior to the proposed palmitoylated
cysteine(s). This region is sometimes referred to as the fourth
intracellular loop or the proximal portion of the cytoplasmic
tail. By analogy with p,AR, B,AR, and other G-protein-
coupled receptors, this region is considered important for
receptor coupling to its cognate G-protein, G;.

Indeed, the difference between the Arg-389 and Gly-389
receptors is in functional coupling. Receptor-promoted bind-
ing of GTPS to G, another indicator of agonist-initiated
coupling to G, is similarly different between the two poly-
morphic B;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
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6

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. spontane-
ous toggling to R* in the absence of agonist) may also be
expected with the Arg-389 receptor since it has a greater
efficiency of stabilizing the active conformation in the pres-
ence of agonist. This functional phenotype, as shown in FIG.
5, is indicative of signaling in cells that endogenously express
the two polymorphic f}, ARs.

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 functional conse-
quences.

As introduced earlier, f, AR are expressed on a number of
cell types in the body. In the heart, §, AR represent the pre-
dominant 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 stimula-
tion. As left ventricular failure develops, [}, AR expression
and function decrease in human heart failure. While not wish-
ing to be bound by theory, the inventors believe that this
response is a protective mechanism, sparing the heart from
sustained sympathetic stimulation in the face of limited meta-
bolic reserves. In earlier phases of heart disease, maintenance
of f,AR function may contribute to improved ventricular
function. Given the above circumstances, the dramatic differ-
ences in function between the two ; AR polymorphisms sug-
gest that the pathophysiology of congestive heart failure may
be influenced by the §, AR genotype.

The f,AR is the predominant fAR expressed on the car-
diomyocyte and is responsive to circulating epinephrine and
to local norepinephrine derived from cardiac sympathetic
nerves. Chronic activation of §; AR from infusions of f-ago-
nists in rodents results in hypertrophy, and iansgenic cardiac
overexpression of 3, AR causes progressive cardiomyopathy
and failure. Thus, while not wishing to be bound by theory,
the inventors believe that the {3, Arg389 receptor is a risk
factor, since it results in a ~200 percent increase in agonist-
stimulated activity in transfected cells compared to the
[3,Gly389 receptor.

Furthermore, BAR antagonists (f-blockers) are utilized in
the chronic treatment of heart failure, the presumed basis of
which is minimization of the aforementioned consequerces
of long term sympathetic stimulation. In addition, PAR ago-
nists are used to acutely increase cardiac output during life-
threatening failure. However, there is significant interindi-
vidual variation in the clinical response to f-blockers and
BAR 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 responsive to
[-blocker and BAR agonists therapy because they would have
a genetically determined 5, AR that achieves a greater stimu-
lation of adenylyl cyclase that has enhanced function.

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 recep-
tor nucleic acid sequence is identified as SEQID 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 p, Arg389.
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Polymorphic Alpha-2C and Beta-1 Adrenergic Receptor

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 [}, Arg389 receptors act synergistically as a risk
factor for development of a cardiovascular disease in an indi-
vidual. Furthermore, the inventors have determined that
genotyping at these two loci may be a useful approach for
identifying individuals for early or preventative pharmaco-
logic intervention.

The inventors have discovered that functional polymor-
phisms of selected adrenergic receptors are important factors
in interindividual variation, as summarized in FIG. 1.
Prejunctional o,AR (o, A- and o, AR subtypes) regulate
norepinephrine release from cardiac sympathetic nerves. A
polymorphic alpha-2C adrenergic receptor results in a sig-
nificant loss of agonist-mediated receptor function in trans-
fected cells A loss of normal synaptic auto-inhibitory feed-
back due to this dysfunction results in enhanced presynaptic
norepinephrine release. Based upon this loss, the inventors
have discovered that individuals with a polymorphic alpha-
2C may be at risk for development of a cardiovascular dis-
ease.

Furthermore, released norepinephrine from cardiac sym-
pathetic nerves activates myocyte f§; AR, which couple to the
stimulatory G protein G,, activating adenylyl cyclase, and
increasing intracellular cAMP. Through the subsequent phos-
phorylation of several intracellular proteins via the cAMP-
dependent proteinkinase A, such §; AR activation culminates
in an increase in cardiac inotropy, lusitropy and chronotropy.
As previously discussed, there are two common §; 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
[, G1y389. The inventors discovered that polymorphic alpha-
2C individuals with both the polymorphic alpha-2C and the
[3;Arg389 have the greatest risk of heart failure, since nore-
pinephrine release and 3, AR activity are enhanced concomi-
tantly.

The inventors have discovered that polymorphisms of the
B;AR and the a,-AR which jointly represent a potentially
major risk factor for development of a cardiovascular disease.
Specifically, in African-Americans, where a,-Del322-325
and {3, Arg389 are not uncommon, the o, Del322-325 poly-
morphism effect alone represented some degree of risk (odds
ratio=5.65), while the B, Arg389 genotype is not associated
with heart failure. However, when occurring together in the
homozygous state, the risk is substantial and highly statisti-
cally 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
a,Del322-325 polymorphism in Caucasians, the inventors
did not expect a significant association in this ethnic group
after further subdivision by §, AR genotype. Nevertheless, in
the Caucasian subjects, the allele frequency of the
a,Del322-325 was indeed more common among heart fail-
ure 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 cardiovascular disease in all individuals.

Accordingly, the inventors have discovered methods 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
(o, -DEL322-325) adrenergic receptor in a sample from an
individual; and detecting the presence or absence of a frag-
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8

ment encoding a polymorphic beta-1 adrenergic receptor
(P, Arg389) in a sample from the individual.

The inventors have also discovered methods for delaying
development of cardiovascular disease 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; 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 3, Arg389. The therapy regi-
men delays development of cardiovascular disease in the
individual.

The inventors have also discovered methods for delaying
progression or early death associated with cardiovascular
disease in an individual. The methods comprise the steps of
detecting the presence or absence of a fragment encoding a
polymorphic alpha-2C (o, DE1322-325) adrenergic recep-
tor in a sample from an individual; detecting the presence or
absence of'a fragment encoding a polymorphic beta-1 adren-
ergic 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.
Progression or early death associated with the cardiovascular
disease is delayed.

The inventors have further discovered methods of genetic
counseling for cardiovascular disease 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; detecting the presence or absence of a fragment
encoding a polymorphic beta-1 adrenergic receptor
(B, 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 f§, Arg389.

As used herein, “individual” is intended to refer to a
human, including but not limited to, embryos, fetuses, chil-
dren, 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.

As used herein, “assessment” is intended to refer to the
prognosis, diagnosis, monitoring, delaying development,
delaying progression, delaying early death, risk for develop-
ing, 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 o, DE[322-325 and
[, Arg389 in an individual’s sample.

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 (0, DEL322-325) or o, DEL322-325 site. In
another embodiment, the fragment comprises the wild-type
alpha-2C adrenergic receptor or site. In yet another embodi-
ment, the fragment comprises the polymorphic beta-1 adren-
ergic receptor (P, Arg389) or B, Arg389 site. In yet another
embodiment, the fragment comprises the Gly-3 89 beta-1
adrenergic receptor or site.

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

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, hybridization, primary-mediated pri-
mary extension, gel migration, antibody assays, or combina-
tions 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, immunohistochem-
istry, 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 antagonists of a,.DEL322-325 and
[}, Arg389.In another embodiment, the therapy regimen com-
prises life-style changes, including, but not limited to,
changes in diet, exercise, and the like.

As discussed earlier, the exploration of B, 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.
o, AR expressed on human presynaptic cardiac sympathetic
nerves inhibit the release of the neuotransmitter norepineph-
rine. Fore example, mice engineered to lack expression of
o, AR and a,- AR show that the a,-AR inhibits norepi-
nephrine release under basal conditions (low stimulation fre-
quencies). Such mice develop heart failure. Thus, these fac-
tors which depress o,~AR function leading to chronically
enhanced norepinephrine release may represent factors pre-
disposing to the development of heart failure. Moreover, fac-
tors which depress [3; AR function may also represent factors
predisposing an individual to the development of heart fail-
ure.

The inventors’ results demonstrate a substantial risk of
heart failure in an individual who has the homozygous
0, Del322-325 polymorphism. The inventors’ results fur-
ther demonstrate that an individual has an even greater risk of
heart failure when the individual has both the homozygous
0,Del322-325  polymorphism and the homozygous
[, Arg389 variant (referred to also as “the double homozy-
gous 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 norepinephrine production and
its activation of its target receptor. The synergistic, rather than
simply additive, nature of the interaction 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 signaling pathway in heart
failure.

The presence of the double homozygous genotype may
indicate the need for specific pharmacologic therapy with
o, AR agonists or antagonists and/or BAR agonists or antago-
nists. Patients with the homozygous a, 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. Moreover, while
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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 hypertrophy 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

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 geographic
area. Patients are recruited from the University of Cincinnati
Heart Failure Program (Jan. 2, 1999-Jan. 2, 2001) 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 community cardiolo-
gists, ~40 percent by physicians within this tertiary care cen-
ter, and ~10 percent self-referred.

To limit sample data, entry criteria are ages 20-79, left
ventricular ejection fractions (LVEF) of <35 percent, NYHA
1I-IV heart failure, and either idiopathic dilated cardiomyopa-
thy or ischemic cardiomyopathy. Patients with a non-is-
chemic dilated cardiomyopathy who had antecedent hyper-
tension 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 adver-
tisements. 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 partici-
paants is self-reported.

Genotyping

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 ofheart 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 tan-
dem repeat loci are used to test for population stratification
between cases and controls within ethnic groups.

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

FIG. 3 shows sequencing electropherograms (sense strand)
that identify homozygous individuals for the wild-type and
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Del322-325 o, AR. Nucleotides 964-975
(GGGGCGGGGCCG) 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 therefore
show unique patterns of fragments that identify homozygous
wild-type, homozygous Del322-325, and heterozygous indi-
viduals (FIG. 3C).

FIG. 4 shows sequencing electropherograms (sense strand)
thatidentify homozygous individuals for the §; AR Gly389 or
Arg389 polymorphism with either a G or a C at nucleotide
position 1165, respectively. The presence of a C in this posi-
tion results in loss of a BsmFI restriction enzyme site, there-
fore BsmF1 digestion and agarose gel electrophoresis of 488
bp PCR products spanning this polymorphic site identified all
three genotypes (heterozygous, homozygous Gly389 and
homozygous Arg389).

In combination, the above methods are used to determine
all p;AR/a, AR genotypes, including the two-locus allele
frequencies of the ;AR Arg389 and Del322-325 o, AR
polymorphisms in cases and controls.

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

Statistical Analysis

Allele frequencies are computed using standard gene
counting methods. Tests for genotype and allelic association
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 3, AR polymorphisms,
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.

Finally, a case-only analysis is performed to test for single
and two-locus genotype associations with hypertension 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

In African-Americans, the adjusted odds of heart failure is
5.65 times higher in the o,-Del322-325 homozygotes (95
percent confidence interval: 2.67 to 11.95, P<0.0001) relative
to the other a, AR genotypes. There is no risk with
[, 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 confidence interval:
2.11 to 48.53, P=0.004). This association holds with dilated
and ischemic cardiomyopathy, and is independent of anteced-
ent hypertension. The frequencies of the short tandem repeat
alleles are not different between cases and controls, thus
excluding population stratification. In Caucasians, the
o, Del322-325 polymorphism is also associated with heart
failure (allele frequency 0.105 vs 0.038 in controls, p=0.011).

10

20

25

30

35

40

45

60

65

12

However, there are too few patients with both homozygous
genotypes to adequately assess the risk.

The characteristics of the heart failure cases are shown in
Table 2. For African-Americans there are 78 patients (49+11
years of age) and 84 controls (53+16 vears of age). There are
81 Caucasian heart failure patients who are 5611 years of
age and 105 controls whose ages are 36+12. There are sig-
nificant differences in allele frequencies 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 compared to Caucasian
controls (allele frequencies 0f 0.411 vs 0.038, P<0.0001). The
[}, Arg389 is somewhat less common in African-Americans
(0.560vs 0.762, P<0.0001). These differences in the frequen-
cies of the two polymorphisms between Caucasians and Afri-
can-Americans, particularly at the o,-Del322-325 locus,
prompted the inventors to carry out separate risk analyses for
the two ethnic groups.

In African-Americans, where both variants are relatively
common, single-locus analysis, as detailed in Table 3, reveals
that o, -Del322-325 is in fact more common in patients with
heart failure (allele frequency=0.615) compared to normal
controls (allele frequency=0.411, P=0.0002). When analyzed
using all three possible genotypes, this association remains
highly significant. Indeed, 53 percent of African-Americans
with heart failure are homozygous for the polymorphism
compared to only 17 percent of the controls. The unadjusted
0dds ratio for heart failure and the homozygous a,Del322-
325 is 5.54 (95 percent confidence interval: 2.68 to 11.45,
P<0.0001). There is no evidence 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 per-
cent confidenceinterval: 2.67 to 11.95, P<0.0001). In contrast
to the a, ~AR polymorphism, there is no evidence of a statis-
tically significant difference in the allele frequencies of
[, Arg389 in African-Americans with or without heart failure.

A two-locus analysis indicates a significant interaction
between the o, -Del322-325 and the B, Arg389 genotypes in
African-Americans with heart failure. The combination
reveals a multiplicative association (i.e. greater than an addi-
tive 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 forboth c, -Del322-325 and
[, Arg389; homozygous for a, Del322-325 only; homozy-
gous for the f;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-Americans (unadjusted odds ratio=12.67, 95 per-
cent 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
percent confidence interval: 2.11 to 48.53, P=0.004).

To assess whether these findings could be explained by
two-locus genotype by diagnosis group (idiopathic dilated
and ischemic cardiomyopathy) or hypertension status distri-
butional differences among the cases, a case-only analysis is
performed. Among the African-American cases, there are no
two-locus genotype frequency differences between the two
diagnosis types (chi-square=1.38, P=0.71) or hyper- and nor-
motensive patients (chi-square=0.3357, P=0.95).
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In Caucasians, the inventors discovered that the allele fre-
quency 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
homozygote group (2 normals and 6 cases). As is seen with
the African-Americans, the frequency of the f, 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
arisk 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 signifi-
cance with larger number of patients studied.

The potential for unrecognized population stratification
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 stratification 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), indi-
cating that population stratification between cases and con-
trols does not account for our association findings.

Finally, the unlikely possibility of a biased result in Afri-
can-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
o, Del322-325 carriers compared to those homozygous for
wild-type ., ~AR. Further analysis utilizes the median LVEF
for all African-American patients (which is 22.0 percent) to
define two groups with different predicted mortalities. 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 homozy-
gous for wild-type o, ~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 undet-
went 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 o, AR (4.8 years).
These results do not suggest a “survivor effect” and support
the conclusion that it is the ., -Del322-325 allele, as opposed
to the wild-type o, AR, that is associated with the failure
phenotype. Furthermore, since the above analysis is carried
out, by necessity, only in those with heart failure, these results
indicate that the ¢, 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-
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dence interval: 1.17 to 11.22, P=0.03) for o, DFL.322-325
homozygotes compared to those homozygous for wild-type
a.,-AR. As indicated, both of these associations are statisti-
cally significant. For the [, Arg389, a larger cohort of heart
failure patients (n=216) that died or were transplanted fol-
lowing enrollment are examined. Again, while not wishing to
be bound by theory, the duration of heart failure (years to
heart transplant or death) is shorter in individuals homozy-
gous for the polymorphic Arg-389 receptor (4.0 years) com-
pared 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 +standard error sys-
tolic blood pressure is 110+3.7 mmHg for patients who are
homozygous for §,Gly389, 114+1.8 mmHG for those who
are heterozygous, and 122+1.8 mmHg for those homozygous
for B, 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 ventricular function in heart failure.

TABLE 2

Characteristics of the heart failure groups.

Caucasian African-American
Age (¥) 54.6+11.1 489 £ 11.5
Gender (% male) 76.3 59.0
NYHA class (% I or IV) 475 474
Diagnosis (%)
Idiopathic 457 83.3
Ischemic 34.3 16.7
Age of onset (y) 51.7+10.7 463 +11.8
Duration (y) 2.62+4.35 2.62 £4.77
LVEF at enrollment (%) 24.8+12.6 254119
Expired after enrollment (%) 259 269
Transplanted after enrollment (%) 14.8 9.0

Other risk factors/co-motbid conditions (%)

hypertension (2140/90) 4.8 61.0
diabetes mellitus 309 25.6
hypercholesterolemia history 444 231
(2240 mg/dL)

obesity (BMI 235 kg/m?) 725 66.2

Smoking (%)
(history pk yrs Z10) 70.8 38.6
concurrent 17.5 234
Medications at entry (%)

digoxin 76.5 50.0
diuretic 914 564
ACE inhibitor 82.7 92.3
B-blocker 60.5 333
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TABLE 3

Distribution of a,- and f;-adrenergic receptor variants in normal and heart
failure subjects.

odds ratio§
Allele P-value* GenotypeT P-valuel (95% confidence
frequency by allele # of subjects (%) by genotype interval)
o, Del322-325 Del WI/WT WT/Del  Del/Del
African-
Americans
Normal 0.411 0.0002 29 (34.5) 41(48.8) 14(16.6) <0.0001 5.65
Heaut failure 0.615 23(29.5) 14(17.9) 41(52.5) (2.67 to 11.95)
Caucasians
Normal 0.038 0.011  99(943) 4(3.8) 2(19) 0132 3%
Heazt failure 0.105 70 (864)  5(6.2) 6(7.4) (0.30 to 31.05)
B Arg389 Arg Gly/Gly  Gly/Arg  Arg/Arg
Aftican-
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) (0.44t0 1.84)
Caucasians
Normal 0.762 0.640 8(7.6) 34(32.4) 63(60.0) 0360  0.80
Heaut failure 0.741 4(49) 34(42.0) 43(53.1) (0.37 to 1.73)

*2 x 2 - chi-square comparing number of alleles in the normal vs heart failure groups.
TWT, wild-type o, 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.

TABLE 4

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

Number of
Subjects

Heart Odds ratio*®

AR BAR Normal failure (95% CI; P-value)
African-American 84 78
Z1WT =1 Gly389 49 29 1.00 (reference)
=1 WT Arg389/Arg389 21 8 055

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

(1.65 t0 9.05; P = 0.002)
Del322-325/Del322-325  Arg389/Arg389 2 15 10.11

(2.11 to 48.53; P = 0.004)
Caucasian 105 81
=1 WT =1 Gly389 42 35 1.00 (reference)
=1 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 30 214

(0.13 to 36.85, P = 0.60)

*0dds 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
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TABLE 5 TABLE 5-continued
Frequencies of short tandem repeat alleles in cases and controls*® Frequencies of short tandem repeat alleles in cases and controls*®
Caucasian African- American 5 Caucasian African-American
Heart Heart Heart Heart
Control Failure Control Failure Control Failure Control Failure
D3S1358- 31 0.094 0.039 0.100 0.067
10 31.2 0.104 0.104 0.050 0.040
14 0.094 0.164 0.150 0.127 322 0.083 0.092 0.119 0.067
15 0.344 0.250 0.250 0.227 all other 0.083 0.159 0.131 0.127
16 0.240 0.250 0.381 0.340 12 0.138 0.167 0.056 0.081
17 0.146 0.184 0.169 0.240 13 0.128 0.080 0.056 0.068
all other 0.177 0.151 0.050 0.067 14 0.234 0.147 0.056 0.054
vWA- 15 15 0.160 0.160 0.160 0.182
16 0.106 0.127 0.215 0.182
14 0.146 0.110 0.099 0.093 17 0.085 0.113 0.090 0.182
15 0.083 0.104 0.191 0.193 18 0.021 0.093 0.118 0.095
16 0.229 0.182 0.276 0.233 19 0.021 0.020 0.132 0.088
17 0.240 0.273 0.237 0.220 all other 0.107 0.094 0.118 0.068
18 0.167 0.214 0.105 0.100 D5SB18-
19 0.115 0.097 0033 0067
all other 0.02 0.019 0.059 0.093 8 0.0 0.007 0.063 0.033
FGA- 10 0.073 0.053 0.050 0.040
11 0.333 0.375 0.263 0.227
19 0.053 0.061 0.068 0.074 12 0.344 0.336 0.294 0.407
20 0.128 0.061 0.041 0.101 13 0.198 0.171 0.275 0.240
21 0.181 0.142 0.103 0.122 25 all other 0.052 0.059 0.056 0.053
22 0.202 0.264 0.171 0.169 D135317-
23 0.117 0.162 0.178 0.169
24 0.149 0.169 0.171 0.149 11 0.302 0.336 0.272 0.304
25 0.128 0.088 0.096 0.108 12 0.271 0.303 0418 0.466
27 0.0 0.02 0.062 0.020 13 0.094 0.099 0.146 0.108
all other 0.043 0.034 0.110 0.088 30 all other 0.334 0.263 0.165 0.122
D8S1179- D78820-
12 0.125 0.132 0.094 0.107 8 0.094 0.133 0.230 0.264
13 0.365 0.309 0.163 0.253 9 0.146 0.207 0.079 0.074
14 0219 0.184 0394 0.387 10 0.302 0.240 0316 0.311
13 0.104 0.105 0.231 0.153 35 1 0.240 0.193 0.243 0.257
16 0.052 0.026 0.030 0.047 12 0.146 0.153 0.099 0.054
all other 0.135 0.244 0.069 0053 all other 0.073 0.074 0.033 0.041
D21811-
27 0.031 0.046 0.094 0.067
28 0.167 0.158 0.206 0.240

% 0198 0.263 0175 0240 40 Comparison of frequencies of each al‘lele revegled P V‘ah‘les all
30 0.240 0217 0.125 0.153 >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

<211> LENGTH: 1389

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 1

atggcgtcce cggegetgge ggceggegetg geggtggegg cagcggeggg ccccaatgeg 60
agcggcgcedg gcgagagggg cagcggeggg gttgccaatg cctcegggggce ttcectggggg 120
ccgecgegeg geccagtacte ggegggegeg gtggcagggoe tggetgecgt ggtgggette 180
ctcatcgtet tcacegtggt gggcaacgtg ctggtggtga tecgceegtget gaccagecgyg 240
gcgetgegeyg cgccacagaa cctettectg gtgtegetgg cctecggecga catcctggtyg 300

gccacgetgy tcatgcectt ctegttggece aacgagetca tggectactyg gtactteggy 360

caggtgtggt geggegtgta cctggegete gatgtgetgt tttgcaccte gtegategty 420
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-continued
catctgtgtg ccatcagect ggaccgectac tggtcggtga cgcaggecgt cgagtacaac 480
ctgaagcgca caccacgecg cgtcaaggcee accatcgteg ccgtgtgget catcteggec 540
gtcatcteet tcecgeeget ggtctegete taccgecage ccgacggege cgectacceeg 600
cagtgcggcee tcaacgacga gacctggtac atcctgtcoct cctgecatcegg ctecttette 660
gcgecectgee tcatcatggg cctggtetac gegegeatet accgagtgge caagetgege 720
acgcgcacge tcagecgagaa gcgegecccee gtgggceceg acggtgegte cccgactacce 780
gaaaacggge tgggegegge ggcaggcgca ggcegagaacg ggeactgege geccccgece 840
gecgacgtgy agccggacga gagcagegca geggecgaga ggeggeggeg ccggggegeg 900
ttgeggeggg gegggeggeg gegageggge geggaggggg gegegggegg tgeggacggg 960
cagggggegy ggeeggggge ggctgagteg ggggegetga ccgectecag gteccegggy 1020
cceggtggee gectetegeg cgecageteg cgcteegteg agttettect gtegegecgg 1080
cgcegggege gcagecagegt gtgecgecge aaggtggcce aggcgcgcega gaagegette 1140
acctttgtge tggectgtggt catgggecgtg ttegtgctet getggttcce cttcettette 1200
agctacagcc tgtacggcat ctgccgcgag gcctgecagg tgcceggece gctcttcaag 1260
ttettettet ggateggeta ctgcaacage tegetcaace cggteateta cacggtette 1320
aaccaggatt tccggcgatc ctttaagcac atcctcttcee gacggaggag aaggggcttce 1380
aggcagtga 1389
<210> SEQ ID NO 2
<211> LENGTH: 12
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 2
ggggegggge <¢g 12
<210> SEQ ID NO 3
<211> LENGTH: 1360
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 3
atggegtece cggegetgge ggeggegetyg geggtggegy cageggeggyg ccccaatgey 60
ageggegegyg gegagagggg cageggeggg gttgecaatg ceteggggge ttectggggg 120
cegeegegeg gecagtacte ggegggegeg gtggeaggge tggetgeegt ggtgggette 180
ctcatcgtet tcacegtggt gggcaacgtg ctggtggtga tegeegtget gaccageegyg 240
gegetgegeyg cgecacagaa ccteottectg gtgtegetgg ceteggecga catectggtg 300
gccacgetgg tcatgeectt ctegttggec aacgagetca tggectactg gtactteggg 360
caggtgtggt gcggegtgta cctggegete gatgtgetgt tttgecaccte gtegategty 420
catctgtgty ccatcagcet ggaccgctac tggtceggtga cgecaggecgt cgagtacaac 480
ctgaagcgca caccacgceg cgtcaaggec accategteg cegtgtgget catcteggece 540
gtcatcteet tceegeeget ggtcetegete taccgecage ccgacggege cgectacceg 600
cagtgcggece tcaacgacga gacctggtac atcctgtect cectgeategyg ctecttette 660
gcgeectgee tcatcatggg cctggtetac gegegeatet accgagtgge caagetgege 720
acgcgcacge tcagcgagaa gcgegeccec gtgggecceg acggtgegte cccgactace 780
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22

gaaaacggge
gecgacgtgg
ttgeggeggy
c¢agggggcgy
ctctegegeg
agcagcgtgt
gctgtggtea
tacggcatct
atcggctact

cggcgatcect

tgggegegge ggcaggegea

agccggacga gagcagegca

gcgggceggeyg

ctgagteggg ggcgetgacce

ccagetegeg cteegtegag

gcegecgeaa

tgggegtgtt cgtgetcetge

geegegagyge

gcaacagctce

ttaagcacat cctctteega

<210> SEQ ID NO 4
<211> LENGTH: 12

<212> TYPE:

<213> ORGANISM: homo sapiens

DNA

<400> SEQUENCE: 4

ggggeggety

ag

<210> SEQ ID NO 5
<211> LENGTH: 462

<212> TYPE:

<213> ORGANISM: homo sapiens

PRT

<400> SEQUENCE: 5

Met Ala Ser
1

Gly Pro Asn
Asn Ala Ser
35

Gly Ala Val
50

Thr Val Val
65

Ala Leu Arg

Agsp Ile Leu

Leu Met Ala
115

Ala Leu Asp
130

Ile Ser Leu
145

Leu Lys Arg

Leu Ile Ser

Gln Pro Asp
195

Trp Tyr Ile
210

Pro Ala Leu
5

Ala Ser Gly
20

Gly Ala Ser

Ala Gly Leu

Gly Asn Val

70

Ala Pro Gln
85

Val Ala Thr
100

Tyr Trp Tyr

Val Leu Phe

Asp Arg Tyr

150

Thr Pro Arg
165

Ala Val Ile
180

Gly Ala Ala

Leu Ser Ser

Ala

Ala

Trp

Ala

55

Leu

Asn

Leu

Phe

Cys

135

Trp

Arg

Ser

Tyr

Cys
215

gcegageggge

ggtggcccag

ctgccaggtyg

gctcaaccey

Ala

Gly

Gly

40

Ala

Val

Leu

Val

Gly

120

Thr

Ser

Val

Phe

Pro

200

Ile

ggcgagaacy ggcactgege

gceggecgaga ggceggeggeyg

gc¢ggagggygyg g9cgcgggcygy

gcctecaggt ccecggggec

ttectteetgt
gegegegaga
tggttceccet
ceceggeecge

gtcatctaca

cggaggagaa

Ala Leu Ala
10

Glu Arg Gly
25

Pro Pro Arg

Val Val Gly

Val Ile Ala

75

Phe Leu Val
90

Met Pro Phe
105

Gln Val Trp

Ser Ser Ile

Val Thr Gln

155

Lys Ala Thr
170

Pro Pro Leu
185

Gln Cys Gly

Gly Ser Phe

¢gcegeeggeg

agcgcettcac

tecttettecag

tcttecaagtt

cggtcettcaa

Val

Ser

Gly

Phe

60

Val

Ser

Ser

Cys

Val

140

Ala

Ile

Val

Leu

Phe
220

Ala

Gly

Gln

45

Leu

Leu

Leu

Leu

Gly

125

Hisg

Val

Val

Ser

Asn

205

Ala

Ala

Gly

30

Tyr

Ile

Thr

Ala

Ala

110

Val

Leu

Glu

Ala

Leu

190

Asp

Pro

gceceegece
€cggggcgeg
tgeggacggg
cggtggecegce
¢cgggegege
ctttgtgctyg
ctacagectyg
cttettetgy

ccaggattte

Ala Ala
15

Val Ala

Ser 2Ala

Val Phe

Ser Arg

80

Ser 2Ala
95

Asn Glu

Tyr Leu

Cys Ala

Tyr Asn

160
Val Trp
175
Tyr Arg

Glu Thr

Cys Leu

840

900

960

1020

1080

1140

1200

1260

1320

1360

12
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24

Ile

225

Thr

Ser

Asn

Ser

Gly

305

Gln

Arg

Val

Arg

Ala

385

Ser

Pro

Asn

Lys

Met Gly Leu

Arg Thr Leu

Pro Thr Thr

260

Gly His Cys
275

Ala Ala Ala
290

Arg Arg Arg

Gly Ala Gly

Ser Pro Gly

340

Glu Phe Phe
355

Arg Lys Val
370

Val Val Met

Tyr Ser Leu

Leu Phe Lys

420

Pro Val Ile
435

Hig Ile Leu
450

<210> SEQ ID NO
<211> LENGTH: 4
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly
1

Ala Gly Pro

<210> SEQ ID NO
<211> LENGTH: 458
<212> TYPE: PRT

<213>

<400> SEQUENCE:

Val

Ser

245

Glu

Ala

Glu

Ala

Pro

325

Pro

Leu

Ala

Gly

Tyr

405

Phe

Tyr

Phe

6

homo sapiens

6

7

7

Met Ala Ser Pro Ala

1

5

Gly Pro Asn Ala Ser

20

Asn Ala Ser Gly Ala

35

Gly Ala Val Ala Gly

50

Thr Val Val Gly Asn

65

Tyr

230

Glu

Asn

Pro

Arg

Gly

310

Gly

Gly

Ser

Gln

Val

390

Gly

Phe

Thr

Arg

Leu

Gly

Ser

Leu

Val
70

Ala

Lys

Gly

Pro

Arg

295

Ala

Ala

Gly

Arg

Ala

375

Phe

Ile

Phe

Val

Arg
455

ORGANISM: homo sapiens

Ala

Ala

Trp

Ala

55

Leu

Arg

Arg

Leu

Pro

280

Arg

Glu

Ala

Arg

Arg

360

Arg

Val

Cys

Trp

Phe

440

Arg

Ala

Gly

Gly

Ala

Val

Ile

Ala

Gly

265

Ala

Arg

Gly

Glu

Leu

345

Arg

Glu

Leu

Arg

Ile

425

Asn

Arg

Ala

Glu

25

Pro

Val

Val

Tyr

Pro

250

Ala

Asp

Arg

Gly

Ser

330

Ser

Arg

Lys

Cys

Glu

410

Gly

Gln

Arg

Leu

10

Arg

Pro

Val

Ile

Arg

235

Val

Ala

Val

Gly

Ala

315

Gly

Arg

Ala

Arg

Trp

395

Ala

Tyr

Asp

Gly

Ala

Gly

Arg

Gly

Ala
75

Val

Gly

Ala

Glu

Ala

300

Gly

Ala

Ala

Arg

Phe

380

Phe

Cys

Cys

Phe

Phe
460

Val

Ser

Gly

Phe

60

Val

Ala

Pro

Gly

Pro

285

Leu

Gly

Leu

Ser

Ser

365

Thr

Pro

Gln

Asn

Arg

445

Arg

Ala

Gly

Gln

45

Leu

Leu

Lys

Asp

Ala

270

Asp

Arg

Ala

Thr

Ser

350

Ser

Phe

Phe

Val

Ser

430

Arg

Gln

Ala

Gly

30

Tyr

Ile

Thr

Leu

Gly

255

Gly

Glu

Arg

Asp

Ala

335

Arg

Val

Val

Phe

Pro

415

Ser

Ser

Ala

15

Val

Ser

Val

Ser

Arg

240

2la

Glu

Ser

Gly

Gly

320

Ser

Ser

Cys

Leu

Phe

400

Gly

Leu

Phe

Ala

Ala

2la

Phe

Arg
80
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26

Ala

Asp

Leu

Ala

Ile

145

Leu

Leu

Gln

Trp

Ile

225

Thr

Ser

Asn

Ser

Gly

305

Gln

Pro

Leu

Ala

Gly

385

Tyr

Phe

Tyr

Phe

<210>
<211>
<212>
<213>

Leu

Ile

Met

Leu

130

Ser

Lys

Ile

Pro

Tyr

210

Met

Arg

Pro

Gly

Ala

290

Arg

Gly

Gly

Ser

Gln

370

Val

Gly

Phe

Thr

Arg
450

Arg

Leu

Ala

115

Asp

Leu

Arg

Ser

Asp

195

Ile

Gly

Thr

Thr

His

275

Ala

Arg

Ala

Gly

Arg

355

Ala

Phe

Ile

Phe

Val

435

Arg

Ala

Val

100

Val

Asp

Thr

Ala

180

Gly

Leu

Leu

Leu

Thr

260

Ala

Arg

Ala

Arg

340

Arg

Arg

Val

Trp
420

Phe

Arg

SEQ ID NO
LENGTH: 4
TYPE: PRT
ORGANISM:

Pro Gln
85

Ala Thr

Trp Tyr

Leu Phe

Arg Tyr

150

Pro Arg
165

Val Ile

Ala Ala

Ser Ser

Val Tyr
230

Ser Glu
245

Glu Asn

Ala Pro

Glu Arg

Ala Gly

310

Glu Ser
325

Leu Ser

Arg Arg

Glu Lys

Leu Cys

390
Arg Glu
405
Ile Gly

Asn Gln

Arg Arg

homo sapiens

Asn

Leu

Phe

Cys

135

Trp

Arg

Ser

Tyr

Cys

215

Ala

Lys

Gly

Pro

Arg

295

Ala

Gly

Arg

Ala

Arg

375

Trp

Ala

Tyr

Asp

Gly
455

Leu

Val

Gly

120

Thr

Ser

Val

Phe

Pro

200

Ile

Arg

Arg

Leu

Pro

280

Arg

Glu

Ala

Ala

Arg

360

Phe

Phe

Cys

Cys

Phe

440

Phe

Phe

Met

105

Gln

Ser

Val

Lys

Pro

185

Gln

Gly

Ile

Ala

Gly

265

Ala

Arg

Gly

Leu

Ser

345

Ser

Thr

Pro

Gln

Asn

425

Arg

Arg

Leu

90

Pro

Val

Ser

Thr

Ala

170

Pro

Cys

Ser

Tyr

Pro

250

Ala

Asp

Arg

Gly

Thr

330

Ser

Ser

Phe

Phe

Val

410

Ser

Arg

Gln

Val

Phe

Trp

Ile

Gln

155

Thr

Leu

Gly

Phe

Arg

235

Val

Ala

Val

Gly

Ala

315

Ala

Arg

Val

Val

Phe

395

Pro

Ser

Ser

Ser

Ser

Cys

Val

140

Ala

Ile

Val

Leu

Phe

220

Val

Gly

Ala

Glu

Ala

300

Gly

Ser

Ser

Cys

Leu

380

Phe

Gly

Leu

Phe

Leu

Leu

Gly

125

His

Val

Val

Ser

Asn

205

Ala

Ala

Pro

Gly

Pro

285

Leu

Gly

Arg

Val

Arg

365

Ala

Ser

Pro

Asn

Lys
445

Ala

Ala

110

Val

Leu

Glu

Ala

Leu

190

Asp

Pro

Lys

Asp

Ala

270

Asp

Arg

Ala

Ser

Glu

350

Arg

Val

Tyr

Leu

Pro

430

Hisg

Ser

95

Asn

Tyr

Cys

Tyr

Val

175

Tyr

Glu

Cys

Leu

Gly

255

Gly

Glu

Arg

Asp

Pro

335

Phe

Lys

Val

Ser

Phe

415

Val

Ile

2la

Glu

Leu

Ala

Asn

160

Trp

Arg

Thr

Leu

Arg

240

Ala

Glu

Ser

Gly

Gly

320

Gly

Phe

Val

Met

Leu

400

Lys

Ile

Leu
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-continued
<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
atgggcgegyg gggtgctegt cctgggegee teccgageccg gtaacctgte gteggecgeca 60
cecgeteeceg acggegegge caccgeggceyg cggetgetgg tgceccegegte gecgeeegec 120
tegttgetge cteecegecag cgaaagecce gagecgetgt ctcagcagtg gacagegggce 180
atgggtctge tgatggegcet catcgtgetg ctcatcecgtgg cgggcaatgt getggtgatce 240
gtggccateyg ccaagacgcece gcggctgcag acgctcacca acctcettceat catgteectg 300
gccagegeeyg acctggtecat ggggctgcetg gtggtgeegt tceggggecac catcgtggtg 360
tggggceget gggagtacgg ctecttette tgcgagetgt ggacctcagt ggacgtgcetg 420
tgcgtgacgg ccagecatcga gaccctgtgt gtcattgcee tggaccgcta cctegecatce 480
acctegeect teegetacea gagectgetyg acgegegege gggegegygy cctegtgtge 540
accgtgtggg ccatctegge cctggtgtee ttectgecca tectcatgea ctggtggegyg 600
geggagagey acgaggegeg cegotgetac aacgacccca agtgetgega cttegteace 660
aaccgggect acgecatege ctegteegta gtetecttet acgtgecceet gtgcatcaty 720
gecttegtgt acctgeggygt gttocgegag geccagaage aggtgaagaa gatcgacage 780
tgegagegee gtttectegy cggeccagey cggecgeeet cgeccetegee ctegecegte 840
ceegegecey cgecgecgee cggaceeeeyg cgeceageayg cegeegeege caccgeeecy 900
ctggecaacy ggegtgeggy taageggegyg cectegegee tegtggeceet acgegageay 960
aaggcgcetea agacgetggg catcatcatg ggegtettea cgetetgetyg getgecette 1020
ttectggeca acgtggtgaa ggecttecac cgegagetgg tgccegaceg cctettegte 1080
ttettecaact ggetgggeta cgecaacteg gectteaace ccatcateta ctgecgeage 1140
ccegacttee gcaaggectt ccagggactg ctetgetgeg cgegeaggge tgecegeegg 1200
cgecacgega cccacggaga ccggecgege gecteggget gtetggeceg geceggacce 1260
cecgecatege ceggggecge cteggacgac gacgacgacg atgtegtegyg ggecacgeeg 1320
ccegegegee tgetggagee ctgggecgge tgcaacggeyg gggcggegge ggacagegac 1380
tcgagectgyg acgagecgtg ccgececgge 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
35 40 45
Ser Pro Glu Pro Leu Ser Gln Gln Trp Thr Ala Gly Met Gly Leu Leu
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30

Met

65

Val

Ile

Pro

Phe

Ser

145

Thr

Gly

Pro

Cys

Ala

225

Ala

Lys

Pro

Pro

Arg

305

Lys

Trp

Leu

Lys

385

Arg

Arg

Asp

Ala

Glu
465

50

Ala

Ala

Met

Phe

Phe

130

Ile

Ser

Leu

Ile

Tyr

210

Ile

Phe

Ile

Ser

Pro

290

Ala

Ala

Leu

Val

Ser

370

Ala

His

Pro

Asp

Gly

450

Pro

Leu

Ile

Ser

Gly

115

Cys

Glu

Pro

Val

Leu

195

Asn

Ala

Val

Asgp

Pro

275

Arg

Gly

Leu

Pro

Pro

355

Ala

Phe

Ala

Gly

Val

435

Cys

Cys

Ile

Ala

Leu

100

Glu

Thr

Phe

Cys

180

Met

Asp

Ser

Ser
260
Ser

Pro

Lys

Phe

340

Asp

Phe

Gln

Thr

Pro

420

Val

Asn

Arg

Lys

85

Ala

Thr

Leu

Leu

Arg

165

Thr

His

Pro

Ser

Leu

245

Cys

Pro

Ala

Arg

Thr

325

Phe

Arg

Asn

Gly

His

405

Pro

Gly

Gly

Pro

Leu

70

Thr

Ser

Ile

Trp

Cys

150

Tyr

Val

Trp

Lys

Val

230

Arg

Glu

Ser

Ala

Arg

310

Leu

Leu

Leu

Pro

Leu

390

Gly

Pro

Ala

Gly

Gly
470

55

Leu

Pro

Ala

Val

Thr

135

Val

Gln

Trp

Trp

Cys

215

Val

Val

Arg

Pro

Ala

295

Pro

Gly

Ala

Phe

Ile

375

Leu

Asp

Ser

Thr

Ala

455

Phe

Ile

Arg

Asp

Val

120

Ser

Ile

Ser

Ala

Arg

200

Cys

Ser

Phe

Arg

Val

280

Ala

Ser

Ile

Asn

Val

360

Ile

Cys

Arg

Pro

Pro

440

Ala

Ala

Val

Leu

Leu

105

Trp

Val

Ala

Leu

Ile

185

Ala

Asp

Phe

Arg

Phe

265

Pro

Ala

Arg

Ile

Val

345

Phe

Tyr

Cys

Pro

Gly

425

Pro

Ala

Ser

Ala

Gln

90

Val

Gly

Asp

Leu

Leu

170

Ser

Glu

Phe

Tyr

Glu

250

Leu

Ala

Thr

Leu

Met

330

Val

Phe

Cys

Ala

Arg

410

Ala

Ala

Asp

Glu

Gly

75

Thr

Met

Arg

Val

Asp

155

Thr

Ala

Ser

Val

Val

235

Ala

Gly

Pro

Ala

Val

315

Gly

Lys

Asn

Arg

Arg

395

Ala

Ala

Arg

Ser

Ser
475

60

Asn

Leu

Gly

Trp

Leu

140

Arg

Arg

Leu

Asp

Thr

220

Pro

Gln

Gly

Ala

Pro

300

Ala

Val

Ala

Trp

Ser

380

Arg

Ser

Ser

Leu

Asp

460

Lys

Val

Thr

Leu

Glu

125

Cys

Tyr

Ala

Val

Glu

205

Asn

Leu

Lys

Pro

Pro

285

Leu

Leu

Phe

Phe

Leu

365

Pro

Ala

Gly

Asp

Leu

445

Ser

Val

Leu

Asn

Leu

110

Tyr

Val

Leu

Arg

Ser

190

Ala

Arg

Cys

Gln

Ala

270

Pro

Ala

Arg

Thr

His

350

Asp

Ala

Cys

Asp

430

Glu

Ser

Val

Leu

95

Val

Gly

Thr

Ala

Ala

175

Phe

Arg

Ala

Ile

Val

255

Arg

Pro

Asn

Glu

Leu

335

Arg

Tyr

Phe

Arg

Leu

415

Asp

Pro

Leu

Ile

80

Phe

Val

Ser

Ala

Ile

160

Arg

Leu

Arg

Tyr

Met

240

Lys

Pro

Gly

Gly

Gln

320

Cys

Glu

Ala

Arg

Arg

400

Ala

Asp

Trp

Asp
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-continued
<210> SEQ ID NO 11
<211> LENGTH: 1431
<212> TYPE: DNA
<213> ORGANISM: homo sapiens
<400> SEQUENCE: 11
atgggcgegyg gggtgctegt cctgggegee teccgageccg gtaacctgte gteggecgeca 60
cecgeteeceg acggegegge caccgeggceyg cggetgetgg tgceccegegte gecgeeegec 120
tegttgetge cteecegecag cgaaagecce gagecgetgt ctcagcagtg gacagegggce 180
atgggtctge tgatggegcet catcgtgetg ctcatcecgtgg cgggcaatgt getggtgatce 240
gtggccateyg ccaagacgcee gcggctgcag acgctcacca acctcetteat catgteectg 300
gccagegeeyg acctggtecat ggggctgcetg gtggtgeegt tceggggecac catcgtggtg 360
tggggceget gggagtacgg ctecttette tgcgagetgt ggacctcagt ggacgtgcetg 420
tgcgtgacgg ccagcatcga gaccctgtgt gtcattgcee tggaccgcta cctegecatce 480
acctecgeect teccgetacca gagectgetg acgegegege gggegegggg cctegtgtge 540
accgtgtggg ccatctegge cctggtgtee ttectgecca tectcatgea ctggtggegyg 600
geggagagey acgaggegeg ccegotgetac aacgacccca agtgetgega cttegteace 660
aaccgggect acgccatege ctegtecgta gtetecttet acgtgccecct gtgcatcatg 720
gecttegtgt acctgeggygt gttocgegag geccagaage aggtgaagaa gatcgacage 780
tgegagegee gtttectegy cggeccageyg cggecegeeet cgeccetegee ctegecegte 840
ceegegecey cgecgecgee cggaceeaey cgeceageayg cegeegeege caccgeeecy 900
ctggecaacy ggegtgeggy taageggegyg cectegegee tegtggeceet acgegageay 960
aaggcgcetea agacgetggg catcatcatg ggegtettea cgetetgetyg getgecette 1020
ttectggeca acgtyggtgaa ggecttecac cgegagetgyg tgecegaceyg cctettegte 1080
ttettecaact ggetgggeta cgecaacteg gectteaace ccatcateta ctgecgeage 1140
ccegacttee gcaaggectt ccagegactg ctetgetgeg cgegeaggge tgecegeegg 1200
cgecacgega cocacggaga ccggecgege gecteggget gtetggecey geccggacee 1260
cecgecatege ceggggecge cteggacgac gacgacgacg atgtegtegyg ggecacgeeg 1320
ccegegegee tgetggagee ctgggecgge tgcaacggeg gggcggegge ggacagegac 1380
tecgageetgyg acgagecgtg cegececgge 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
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Val

Ile

Pro

Phe

Ser

145

Thr

Gly

Pro

Cys

Ala

225

Ala

Lys

Pro

Pro

Arg

305

Lys

Trp

Leu

Lys

385

Arg

Arg

Asp

Ala

Glu
465

Ala

Met

Phe

Phe

130

Ile

Ser

Leu

Ile

Tyr

210

Ile

Phe

Ile

Ser

Pro

290

Ala

Ala

Leu

Val

Ser

370

Ala

His

Pro

Asp

Gly

450

Pro

Ile

Ser

Gly

115

Cys

Glu

Pro

Val

Leu

195

Asn

Ala

Val

Asp

Pro

275

Arg

Gly

Leu

Pro

Pro

355

Ala

Phe

Ala

Gly

Val

435

Cys

Cys

Ala

Leu

100

Glu

Thr

Phe

Cys

180

Met

Asp

Ser

Ser
260
Ser

Pro

Lys

Phe

340

Asp

Phe

Gln

Thr

Pro

420

Val

Asn

Arg

Lys

85

Ala

Thr

Leu

Leu

Arg

165

Thr

His

Pro

Ser

Leu

245

Cys

Pro

Ala

Arg

Thr

325

Phe

Arg

Asn

Arg

His

405

Pro

Gly

Gly

Pro

<210> SEQ ID NO 13

<211> LENGTH:

29

Thr

Ser

Ile

Trp

Cys

150

Tyr

Val

Trp

Lys

Val

230

Arg

Glu

Ser

Ala

Arg

310

Leu

Leu

Leu

Pro

Leu

390

Gly

Pro

Ala

Gly

Gly
470

Pro

Ala

Val

Thr

135

Val

Gln

Trp

Trp

Cys

215

Val

Val

Arg

Pro

Ala

295

Pro

Gly

Ala

Phe

Ile

375

Leu

Asp

Ser

Thr

Ala

455

Phe

Arg

Asp

Val

120

Ser

Ile

Ser

Ala

Arg

200

Cys

Ser

Phe

Arg

Val

280

Ala

Ser

Ile

Asn

Val

360

Ile

Cys

Arg

Pro

Pro

440

Ala

Ala

Leu

Leu

105

Trp

Val

Ala

Leu

Ile

185

Ala

Asp

Phe

Arg

Phe

265

Pro

Ala

Arg

Ile

Val

345

Phe

Tyr

Cys

Pro

Gly

425

Pro

Ala

Ser

Gln

90

Val

Gly

Asp

Leu

Leu

170

Ser

Glu

Phe

Tyr

Glu

250

Leu

Ala

Thr

Leu

Met

330

Val

Phe

Cys

Ala

Arg

410

Ala

Ala

Asp

Glu

Thr

Met

Arg

Val

Asp

155

Thr

Ala

Ser

Val

Val

235

Ala

Gly

Pro

Ala

Val

315

Gly

Lys

Asn

Arg

Arg

395

Ala

Ala

Arg

Ser

Ser
475

Leu

Gly

Trp

Leu

140

Arg

Arg

Leu

Asp

Thr

220

Pro

Gln

Gly

Ala

Pro

300

Ala

Val

Ala

Trp

Ser

380

Arg

Ser

Ser

Leu

Asp

460

Lys

Thr

Leu

Glu

125

Cys

Tyr

Ala

Val

Glu

205

Asn

Leu

Lys

Pro

Pro

285

Leu

Leu

Phe

Phe

Leu

365

Pro

Ala

Gly

Asp

Leu

445

Ser

Val

Asn

Leu

110

Tyr

Val

Leu

Arg

Ser

190

Ala

Arg

Cys

Gln

Ala

270

Pro

Ala

Arg

Thr

Hisg

350

Gly

Asp

Ala

Cys

Asp

430

Glu

Ser

Leu

95

Val

Gly

Thr

Ala

Ala

175

Phe

Arg

Ala

Ile

Val

255

Arg

Pro

Asn

Glu

Leu

335

Arg

Tyr

Phe

Arg

Leu

415

Asp

Pro

Leu

Phe

Val

Ser

Ala

Ile

160

Arg

Leu

Arg

Tyr

Met

240

Lys

Pro

Gly

Gly

Gln

320

Cys

Glu

Ala

Arg

Arg

400

Ala

Asp

Trp

Asp
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-continued

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

<400> SEQUENCE: 13

acgggcaggyg ggeggggceeg ggggcegget

<210>
<211>
<212>
<213>

SEQ ID NO 14
LENGTH: 17
TYPE: DNA
ORGANISM:

homo sapiens

<400> SEQUENCE: 14

acgggcaggyg ggegget

<210>
<211>
<212>
<213>

SEQ ID NO 15
LENGTH: 19
TYPE: DNA
ORGANISM:

homo sapiens

<400> SEQUENCE: 15

gccttecagyg gactgetet

<210>
<211>
<212>
<213>

SEQ ID NO 16
LENGTH: 19
TYPE: DNA
ORGANISM:

homo sapiens

<400> SEQUENCE: 16

geettecage gactygetet

29

17

19

19

What is claimed is:

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

a. detecting the presence or absence of a deletion of amino

acids 322-355 in an alpha-2C adrenergic receptor
(0, DEL322-325) in a sample from an individual;

b. detecting the presence or absence of an arginine at posi-
tion 389 of a beta-1 adrenergic receptor (B, Arg389)ina
sample from the individual; and

c. if both ahomozygous o, [DEL.322-325 polymorphism is
present and homozygous f,Arg389 polymorphism is
present, assessing that the individual is at increased risk
for heart failure.

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

3. The method according to claim 1, wherein at least one of
the detecting steps is performed using a nucleic acid assay or
a protein assay.

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

35

40

45

50

presence of both the o, DEL322-325 polymorphism and the
B, Arg389 polymorphism, wherein the therapy regimen
delays development of heart failure in the individual.

5. The method according to claim 4, wherein the therapy
regimen comprises administration of an agonist of
0., DEL322-325, an antagonist of §, Arg389, or both.

6. The method according to claim 4, wherein the therapy
regimen comprises life-style changes.

7. The method of claim 1, further comprising the step of
selecting a therapy regimen for the individual based on the
presence of both the o, DEL.322-325 polymorphism and the
f,Arg389 polymorphism, wherein the therapy regimen
delays early death associated with the heart failure.

8. The method of claim 1, further comprising the step of
counseling the individual regarding the potential risk of
developing a heart failure based on the presence of both the
o, DEL322-325 polymorphism and the 3, Arg389 polymor-
phism.
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