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ABSTRACT

The present invention concerns the use of methods for evalu-
ating bucindolol treatment for a patient, particularly one with
heart failure. It concerns methods for determining whether to
administer or prescribe bucindolol to a patient based on
whether the patient is homozygous for the Arg 389 polymor-
phism in the f1-adrenergic receptor (AR).
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METHODS FOR TREATMENT WITH
BUCINDOLOL BASED ON GENETIC
TARGETING

[0001] This application claims priority to U.S. Provisional
Patent Application No. 60/609,689 filed on Sep. 14, 2004 and
U.S. Provisional Patent Application No. 60/610,706 filed on
Sep. 17, 2004, both of which are hereby incorporated by
reference in their entirety.

[0002] The government may own rights in the present
invention pursuant to grants HI.052318, HL07071609,
ES06096, HLLO71118, and HL.48013 from the National Insti-
tutes of Health.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to pharmacogenetics
and cardiology. More specifically, the present invention
relates to methods for individualized heart failure therapy
with bucindolol based on a patient’s genotype of polymor-
phisms in adrenergic receptor genes, including the 3, -adren-
ergic receptor (3; AR) gene and the o, _-adrenergic receptor
(0, AR) gene.

[0005] 2. Description of Related Art

[0006] According to the American Heart Association
(AHA), about 62 million Americans have some form of car-
diovascular disease, which can include high blood pressure,
coronary heart disease (heart attack and chest pain), stroke,
birth defects of the heart and blood vessels, and congestive
heart failure, and close to a million die from such conditions
every year. The annual report of the AHA further states that
cardiovascular disease kills more Americans than the next
seven causes of death combined, including cancer. Surpris-
ingly, slightly more females, overall, than males have cardio-
vascular disease. Heart disease accounted for 40% of all
deaths in the U.S. in 1999. Despite recent treatment advances,
mortality from heart failure is approximately 50% within 5
years.

[0007] In the United States alone there are approximately
six million people, about 1.5% of the population, with chronic
heart failure (“HF”"), and 550,000 new patients are diagnosed
each year. Medical therapy has made progress in treating HF,
but morbidity and mortality remain high (Mann et al., 2005).
The current standard of care in HF involves the use of inhibi-
tors (ACE inhibitors, ARBs, and/or aldosterone receptor
antagonists) of the renin-angiotensin-aldosterone system
(RAAS), and B-blockers, which competitively inhibit -adr-
energic receptors on cardiac myocytes. [3-blockers are effec-
tive in mortality reduction and are considered the most effec-
tive HF drug class overall, but still work in only 50-60% of
treated patients. Moreover, the U.S. patient clinical data on
the efficacy of approved p-blockers in mortality trials is less
impressive, with published data from the only large, inten-
tion-to-treat mortality trial showing an increase in mortality
in U.S. patients vs. placebo.

[0008] Accordingly, there is a substantial need for
improved HF therapies that have higher efficacy and response
rates, are better tolerated, and are better suited to subpopula-
tions with special needs, such as diabetics. However, devel-
opment of new agents against this therapeutic background has
proved extremely challenging. Since 2001, of 13 Phase III
trials in HF only three have been positive. Two of these
positive trials were with an ARB (candesartan) (McMurray et
al., 2003; Granger et al., 2003). The third positive trial, the
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A-HeFT Trial with BiDil (a combination of isosorbide dini-
trate and hydralazine) was in a subset (African-Americans)
that comprises only 12% of the American HF population
(Taylor et al., 2004). Clearly, there is a continued need to
develop the next generation of HF drugs.

[0009] While 3, agonists are used for treating acute dete-
rioration of patients with failing ventricular function, pro-
longed exposure of the heart from administered agonists, or
the elevated catecholamine agonists produced by the body,
leads to worsening heart failure. In contrast, p-adrenergic
receptor antagonists (termed f-blockers) have emerged as a
major treatment modality in chronic heart failure.

[0010] In the early 1990’s, a group of U.S. heart failure
investigators working with §-blocking agents in heart failure
decided that a mortality trial was required in order to validate
this still-controversial therapy. A group of U.S. drafted a
protocol and grant application that was subsequently
approved for funding by the VA cooperative Clinical Studies
Program and the NHLBI. The approved protocol did not
specify a drug, but rather provided that an optimal -blocker
would be selected based on potential for success and strength
of Phase II data. The drugs that were considered were
carvedilol, metoprolol tartrate, metoprolol succinate CR/XL,
and bucindolol. Metoprolol tartrate was rejected because of
less than promising effects on mortality from the MDC Trial
(Waagstein et al., 1993); metoprolol succinate CR/XL. was
not selected because of a lack of efficacy and tolerability data
in heart failure; and carvedilol was not selected in part
because of poor tolerability in advanced heart failure (Krum
et al. 1995). Bucindolol was the unanimous choice of the
Selection Committee, based on its excellent tolerability
(Eichhorn et al., 1997; Gilbert et al., 1990; Bristow et al.,
1994; Pollock et al., 1990), efficacy (Gilbert et al., 1990;
Bristow et al., 1994; Pollock et al., 1990, Eichhorn et al.,
1990), and level of interest by its sponsor. Bucindolol thus
became the subject of the Beta Blocker Evaluation of Survival
Trial (“BEST?”), the first mortality trial planned and initiated
in HF.

[0011] The BEST trial began in 1995, and ended in 1999.
After BEST was initiated three other mortality trials were
planned and initiated, MERIT-HF with metoprolol succinate
CR/XL (MERIT-HF Study Group, 1999), CIBIS-II with
bisoprolol (CIBIS-II Investigators, 1999), and COPERNI-
CUS with carvedilol (Packer et al., 2002). Due to the more
rapid and less restrictive enrollment of these trials, CIBIS-II
and MERIT-HF were completed before BEST, and both these
trials had positive results.

[0012] The BEST Trial was terminated prematurely in
1999, prior to completion, due in part to a loss of equipoise by
investigators, and an accelerated drop-in rate to open label
[-blockers based on the knowledge of the other two positive
trials (BEST Trial Investigators, 2001; Domanski et al.,
2003). The sponsor elected not to proceed with the commer-
cial development of bucindolol based on the results known at
the time the Trial was stopped. While BEST investigators
observed a benefit in Class III, non-African-Americans, that
was similar to the positive results reported six months earlier
in CIBIS II and MERIT-HF, the investigators observed poor
results in Class [V and African-American patients. Moreover,
BEST did not meet its primary endpoint of all-cause mortality
(reduction of 10%, p=0.10) when the trial was stopped (BEST
Trial Investigators, 2001). The investigators postulated that
the differences between the results of other f-blockers and
bucindolol might be attributable to the “unique pharmaco-
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logical properties of bucindolol” (BEST Trial Investigators,
2001), which highlights the perceived distinctions among the
chemical and functional properties of this diverse class of
compounds.

[0013] Moreover, even though most p-blocker trials in
heart failure have shown group beneficial effects, there is
substantial interindividual variability in outcome that is not
explained by baseline clinical characteristics (CIBIS-II
Investigators, 1999). Interindividual variability in the
response to pharmacologic therapy is recognized with virtu-
ally all drugs. In circumstances such as the treatment of
chronic heart failure with -blockers—where morbidity and
mortality are high, the titration algorithm is complex, the
interindividual variability is substantial, and additional treat-
ment options exist—assessing the likelihood of a favorable
(or adverse) long-term response to drug therapy can have a
significant impact on decision making. The approximately
50% S5-year mortality of patients with heart failure has
prompted intense study of treatment options and has lead to
multidrug regimens typically including a $-blocker, an angio-
tensin converting enzyme inhibitor (or angiotensin receptor
antagonist), diuretics, and digoxin. p-blocker therapy is ini-
tiated in relatively stable patients, at low doses (i.e., about 10
mg), and slowly increased over a period of months to either a
target dose, or a dose which is tolerated. Dosage adjustments
of other drugs, or initiation of additional drugs is not uncom-
mon during the up-titration period. Thus the treatment of
heart failure with -blockers must be individualized. Indeed
the statement “dosage must be individualized and closely
monitored” is found in the prescribing information for the two
[-blocker preparations approved for treating heart failure in
the U.S. Furthermore, studies in animal models and humans
suggest that f-blocker-promoted reversal of the cellular and
global remodeling of the failing heart may require months of
stable therapy (Lowes et al., 2002). Substantial variability in
responses to f-blockers has been noted, including left ven-
tricular ejection fraction (LVEF) changes (van Campen et al.,
1998), exercise tolerance (Bolger, 2003) and survival (Packe
et al., 2001). Nevertheless, based on the preponderance of
data, B-blocker therapy should be considered for most
patients with chronic heart failure, assuming no contraindi-
cations such as volume overload, requirement for inotropic

infusions, bradycardia, hemodynamic instability, and
asthma.
[0014] Consequently, not only were there perceived difter-

ences among the various p-blockers—particularly bucindolol
as compared to other p-blockers—but also variability had
been observed among patients in their abilities to respond
favorable to a particular $-blocker therapy. Evidence for the
therapeutic value of bucindolol is needed, particularly evi-
dence that explains these interindividual differences.

SUMMARY OF THE INVENTION

[0015] The present invention provides methods for indi-
vidualized cardiovascular disease therapy based on the iden-
tification of polymorphisms in adrenergic receptors that
affect an individual’s response to bucindolol. In certain
embodiments, it concerns individualized therapy for heart
failure.

[0016] In certain embodiments, there are methods for
evaluating bucindolol treatment for a patient comprising
obtaining sequence information regarding at least one poly-
morphism in an adrenergic receptor gene of the patient,
wherein the information is predictive of bucindolol efficacy in
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the patient. The sequence information may be nucleic acid
sequence information and/or amino acid sequence informa-
tion. In particular embodiments, the adrenergic receptor gene
is B,AR or o, AR. In some cases, sequence information
about a polymorphism in both genes is obtained.

[0017] Moreover, the polymorphisms include one at nucle-
otide position 1165 in the f§,-adrenergic receptor (f;AR)
gene that corresponds to amino acid position 389 in the
encoded protein and another at nucleotide positions 964-975
of the ., AR gene that corresponds to amino acid positions
322-325 in the encoded protein.

[0018] The invention is based on the determination by the
inventors that being homozygous in the §; AR gene to encode
an arginine at position 389 in the gene product provides the
patient with a physiology that is amenable to treatment with
bucindolol. In addition, the invention is based on the deter-
mination that a deletion in the o, AR gene that leads to a
deletion of amino acids 322-325 in the gene product is detri-
mental to treatment of later stages of heart failure with bucin-
dolol. The term “treatment” will be understood to refer to
therapy with respect to a patient diagnosed with a cardiovas-
cular disease or with symptoms of a cardiovascular, as
opposed to preventative measures.

[0019] Itis generally understood that polymorphisms occur
in the context of genes; however, in the case of polymor-
phisms that affect the encoded gene product, an alteration in
that gene product may also be referred to as a polymorphism.
[0020] According to the invention, methods include assess-
ing whether to prescribe or administer bucindolol to a patient
with cardiovascular disease comprising obtaining informa-
tion from the patient regarding his/her polymorphisms in
adrenergic receptor genes and/or their encoded gene products
that affect a response to bucindolol.

[0021] Therefore, the present invention is concerned with
obtaining the information regarding polymorphisms in the
;AR and/or a., AR proteins directly or as deduced by deter-
mining the nucleotide sequence at position 1165 on the ;AR
gene and/or positions 964-975 on the o, AR gene, and pre-
scribing or administering bucindolol based on the obtained
information. It will be understood that cognate nucleic acids
for the §, AR or o, AR protein include the mRNA transcript
encoding the protein, both strands of any cDNA generated
from the mRNA transcript, and both strands of the genomic
DNA for the 3, AR or o, AR gene.

[0022] Knowledge about which polymorphism a cardio-
vascular disease patient has at position 389 of the ;AR
and/or positions 322-325 of o, AR provides the basis for
assessing whether to administer or prescribe bucindolol to the
patient.

[0023] The present invention further identifies patients
with heart failure that will positively respond to treatment
using p-blockers, specifically bucindolol.

[0024] The present invention also provides devices and
compositions for the delivery of p-blockers, specifically
bucindolol, to an individual in need of such therapy.

[0025] The method of the present invention comprises
determining the genotype for a heart failure patient at the
individual’s §;AR gene, wherein the patient is likely to
exhibit a positive response to a standard dose of bucindolol if
the patient is not a carrier of $, Gly389 (that is, having one or
two Gly389 alleles). In an embodiment, bucindolol is pre-
scribed for a heart failure patient who is homozygous for
[, Arg389. The method of the present invention further con-
templates prescribing or administering a standard dose of
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bucindolol to a patient in need of such therapy based on
knowing that the patient is “homozygous [, Arg389,” mean-
ing both ;AR genes of the patient encode an arginine at
position 389 in the gene products. Methods of the invention
involve prescribing or administering bucindolol to patients
who are homozygous 3, Arg389 and this is regardless of how
it is determined that the patient has that genotype.

[0026] In further embodiments, the method of the present
invention comprises determining the genotype for a heart
failure patient at the individual’s o, AR gene, wherein the
patient is likely to exhibit a positive response to a standard
dose of bucindolol if the patient is not a carrier of o, Del322-
325. In certain embodiments, bucindolol is prescribed for a
heart failure patient who is homozygous wildtype for o, at
amino acid positions 322-325 (i.e., the amino acids are not
deleted). The method of the present invention further contem-
plates prescribing or administering a standard dose of bucin-
dolol to a patient in need of such therapy based on knowing
that the patient is “homozygous wildtype o, AR,” meaning
the patient does not have a deletion in the o, AR gene
sequence that encodes amino acids 322-325 in o, AR. Meth-
ods of the invention involve prescribing or administering
bucindolol to patients who are homozygous wildtype for the
deletion (not a deletion carrier) and this is regardless of how
it is determined that the patient has that genotype.

[0027] Itis contemplated that in certain situations, a patient
may be genotyped for one of these polymorphisms and then a
subsequent determination is done with respect to the other
polymorphism; in this scenario, two different samples are
evaluated. Alternatively, a single sample may be obtained and
evaluated for two separate polymorphisms. In another
embodiment, bucindolol is prescribed for a heart failure
patient who has the diplotype of homozygous [, Arg389 and
homozygous wild type ., AR. The method of the present
invention further contemplates prescribing or administering a
standard dose of bucindolol to a patient in need of such
therapy based on knowing that the patient is homozygous for
[, Arg389 or for wild type ., AR, or the diplotypic combi-
nation.

[0028] The method of the present invention also comprises
determining whether individuals having similar pathophysi-
ological states, such as but not limited to, dilated cardiomy-
opathy, ischemic cardiomyopathy, ischemic heart disease
(angina, myocardial infarction), pheochromocytoma,
migraines, cardiac arrhythmias, hypertension and various
anxiety disorders are likely to positively respond to a standard
dose of bucindolol based on whether the individual is
homozygous for Arg389 at the individual’s 3; AR gene (and
not a carrier of the 389Gly) and/or whether the individual is
homozygous wild-type for ., AR gene and not a carrier of
o, Del322-325.

[0029] In certain embodiments, the invention concerns
methods for evaluating bucindolol treatment for a patient
comprising knowing either (i) the sequence at nucleotide
position 1165 of one or both coding sequences of the patient’s
P;AR genes or (ii) the amino acid at position 389 of the
patient’s [3, AR proteins, wherein the individual is being con-
sidered for treatment with bucindolol.

[0030] In further embodiments, the invention concerns
methods for evaluating bucindolol treatment for a patient
comprising knowing whether there is a deletion either (i) in
the sequence at nucleotide positions 964-975 of one or both of
the patient’s o, AR alleles or (i) in the amino acids at posi-
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tions 322-325 of the patient’s o, AR proteins, wherein the
individual is being considered for treatment with bucindolol.
[0031] It is contemplated that not all of the patient’s pro-
teins will be evaluated in any embodiment of the invention but
that a sample will be obtained and some of the proteins in the
sample will be evaluated for their protein sequence.

[0032] It is also contemplated that the term “knowing” is
used according to its ordinary and plain meaning to refer to
having the specified information. It is contemplated that typi-
cally a medical practitioner will be evaluating whether to
prescribe or administer a patient bucindolol and in making
that evaluation the practitioner will order one or more tests
regarding one or both of the patient’s ;AR alleles or their
encoded proteins and/or regarding one or both of the patient’s
a., AR alleles or their encoded proteins. In the context of the
polymorphisms discussed herein, the terms “allele” and
“gene” are used interchangeably.

[0033] Other aspects of the invention include methods for
treating a patient with a heart condition may comprise admin-
istering or prescribing to the patient an effective amount of
bucindolol, wherein the patient does not have detectable lev-
els of a p,AR protein with a glycine at position 389 or
wherein the patient is homozygous for a cytosine at position
1165 in the nucleotide coding sequence of both §; AR alleles.
In either case a doctor or other medical practitioner may
prescribe or administer bucindolol if they are aware that
bucindolol is an appropriate medication for that patient by
virtue of that patient having the Arg389/Arg389 polymor-
phism in the ;AR gene.

[0034] Alternatively or additionally, methods for treating a
patient with a heart condition may comprise administering or
prescribing to the patient an effective amount of bucindolol,
wherein the patient does not have detectable levels of a
a, AR protein with a deletion of amino acids 322-325 or
wherein the patient is homozygous for the presence of nucle-
otides 964-975 (“nondeletion”) in the coding sequence of
both a, AR alleles. In either case a doctor or other medical
practitioner may prescribe or administer bucindolol if they
are aware that bucindolol is an appropriate medication for that
patient by virtue of that patient not being a carrier of the
Del322-325 polymorphism in the o, AR gene, that is, not
being heterozygous or homozygous for the deletion.

[0035] Additional methods include evaluating whether a
heart failure patient will respond positively to a bucindolol
comprising: a) obtaining information indicating 1) the pres-
ence of a polymorphism at the coding position 1165 in the
coding sequence of one or both 3, AR genes of the patient or
i) the presence of a polymorphism at the amino acid at
position 389 of the ;AR protein; and b) prescribing or
administering bucindolol.

[0036] Moreover, other methods covered by the invention
involve treating a patient with bucindolol comprising: a)
obtaining information indicating 1) the presence of a poly-
morphism at the coding position 1165 in the coding sequence
ofone or both 3, AR alleles of the patient or ii) the presence of
apolymorphism at the amino acid at position 389 ofthe §; AR
protein; and b) either prescribing bucindolol therapy for the
patient wherein the patient’s genotype indicates the patient is
homozygous Arg389 in the §; AR protein or not prescribing
bucindolol for the patient wherein the patient’s genotype
indicates the patient is not homozygous Arg389 in the §; AR
protein.

[0037] It is further contemplated that the invention con-
cerns the use of bucindolol in the manufacture of a medica-
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ment for the treatment of a heart condition in patients with the
Arg389/Arg389 polymorphism in their ;AR genes. The
embodiments discussed with respect to methods may be
implemented in use of bucindolol in the manufacture of a
medicament.

[0038] Also, the present invention concerns obtaining a
biological sample from a patient who is being considered for
treatment with bucindolol and evaluating it for the Arg389
polymorphism by determining either (i) the sequence at
nucleotide position 1165 of one or both coding sequences of
the patient’s 3, AR genes or (ii) the amino acid at position 389
of'the patient’s 3, AR proteins. It is contemplated that if f; AR
proteins are evaluated, one might look for whether a sample
contains any f$; AR proteins with a glycine at 389.

[0039] Further methods include evaluating whether a heart
failure patient will respond positively to a bucindolol com-
prising: a) obtaining information indicating whether 1) the
nucleotide sequence at positions 964-975 has been deleted in
one or both of the patient’s o, AR alleles or ii) the amino acid
sequence at positions 322-325 has been deleted in the
patient’s o, AR proteins; and b) prescribing or administering
bucindolol. It is contemplated that if o, AR proteins are
evaluated, one might look for whether a sample contains any
a., AR proteins with the relevant deletion.

[0040] Moreover, other methods covered by the invention
involve treating a patient with bucindolol comprising: a)
obtaining information indicating whether i) the nucleotide
sequence at positions 964-975 has been deleted in one or both
of'the patient’s o, AR alleles or ii) the amino acid sequence
at positions 322-325 has been deleted in the patient’s o, . AR
proteins; and b) either prescribing bucindolol therapy for the
patient wherein the patient’s genotype indicates the patient is
homozygous wildtype in the o, /AR alleles or not prescribing
bucindolol for the patient wherein the patient’s genotype
indicates the patient is not homozygous wildtype in the
a., AR protein.

[0041] It is further contemplated that the invention con-
cerns the use of bucindolol in the manufacture of a medica-
ment for the treatment of a heart condition in patients with the
homozygous wildtype 322-325 polymorphism in their
o, AR alleles. The embodiments discussed with respect to
methods may be implemented in use of bucindolol in the
manufacture of a medicament.

[0042] Also, the present invention concerns obtaining a
biological sample from a patient who is being considered for
treatment with bucindolol and evaluating it for the Arg389
polymorphism in the 3, AR protein and/or the Del322-325
polymorphism in the a, AR protein by determining (i) the
sequence at nucleotide position 1165 of one or both coding
sequences of the patient’s [3; AR alleles; (ii) the amino acid at
position 389 in the patient’s §; AR proteins; iii) whether there
is a deletion in nucleotides 964-975 in the coding sequence of
one or both a, AR alleles; and/or iv) whether there is a
deletion of amino acids 322-325 in the patient’s o, AR pro-
teins.

[0043] To achieve these methods, a doctor, medical practi-
tioner, or their staft may obtain a biological sample for evalu-
ation. The sample may be analyzed by the practitioner or their
staff, or it may be sent to an outside or independent laboratory.
The medical practitioner may be cognizant of whether the test
is providing information regarding the patient’s §; AR genes
or alleles as distinguished from the encoded proteins, or the
medical practitioner may be aware only that the test indicates
directly or indirectly that the genotype of the patient reflects
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the Gly389/Gly389 phenotype (“homozygous Gly”
sequence), the Arg389/Gly389 phenotype (“heterozygous”
sequence), or the Arg389/Arg389 phenotype (“homozygous
Arg” or “homozygous wild-type” sequence).

[0044] Similarly, the medical practitioner may be cogni-
zant of whether the test is providing information regarding the
patient’s o, AR genes or alleles as distinguished from the
encoded proteins, or the medical practitioner may be aware
only that the test indicates directly or indirectly that the geno-
type of the patient reflects the homozygous wildtype
sequence (no deletion in either allele), the heterozygous
Del322-325 phenotype (“heterozygous™ sequence), or the
Del322-325/Del322-325 phenotype (“homozygous deletion”
sequence).

[0045] Insome embodiments discussed in the Examples, a
patient with either the heterozygous sequence or the homozy-
gous Gly sequence with respect to §; AR is referred to as a
“Gly carrier.” Likewise, a patient with either the heterozygous
sequence or the homozygous deletion sequence with respect
to o, AR is referred to a “Del322-325 carrier” or a “deletion
carrier”

[0046] In any of these circumstances, the medical practi-
tioner “knows” the relevant information that will allow him or
her to determine whether bucindolol is an appropriate medici-
nal option. It is contemplated that, for example, a laboratory
conducts the test to determine that patient’s genotype such its
personnel also know the appropriate information. They may
report back to the practitioner with the specific result of the
test performed or the laboratory may simply report that bucin-
dolol is appropriate drug based on the laboratory results.
[0047] In further embodiments, the patient’s genotype at
nucleotide position 1165 of the coding sequence of one or
both ;AR alleles is known. In the context of the present
invention, whether position 1165 of the coding sequence
contains a guanine or cystosine in one or both alleles is
significant. This indicates what amino acid can be found at
position 389 of the 3, AR protein sequence. A cytosine at
position 1165 in the coding sequence encodes an arginine,
while a guanine in the coding sequence encodes a glycine. In
particular embodiments, the sequences at position 1165 in
both §, AR alleles of the patient are known. The result may be
a guanine in both alleles, a cytosine in both alleles, or a
guanine in one allele and a cytosine in the other allele.
[0048] In certain embodiments, the patient’s genotype at
nucleotide positions 964-975 of the coding sequence of one
or both a, AR alleles is known. In the context of the present
invention, whether there is a deletion in one or both alleles of
the o, AR gene is significant. This indicates whether there is
a deletion amino acid of amino acids 322-325 (amino acids
322, 323, 324, and 325) of the o, AR protein sequence. In
particular embodiments, whether there is a deletion of the
nucleotide sequence corresponding to positions 964-975 in
both 3, AR alleles of the patient is known.

[0049] Those of skill in the art readily understand that the
coding sequence of a gene refers to the strand of the gene that
is used for transcription of messenger RNA. The sequence of
the coding sequence is complementary to the sequence of the
transcribed transcript. Because of the complementary nature
of sequences between a coding sequence and a noncoding
sequence, the sequence of any coding sequence can be deter-
mined by knowing the sequence of the transcript, the noncod-
ing strand, or the encoded protein. The nucleic acid sequence
at that position in one or both alleles can be determined by a
number of ways known to those of skill in the art. Such ways
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include, but are not limited to, chain terminating sequencing,
restriction digestion, allele-specific polymerase reaction,
single-stranded conformational polymorphism analysis,
genetic bitanalysis, temperature gradient gel electrophoresis,
or ligase chain reaction.

[0050] Alternatively, the PAR protein sequence may be
evaluated. In certain embodiments, the amino acid at position
389 in one or more of the patient’s 3, AR protein is known. It
is contemplated that any sample evaluated from the patient
will contain multiple §; AR proteins that can be analyzed. An
analysis of these proteins can determine if the patient has
;AR proteins with only an arginine at 389, only a glycine at
389, or a mixture of both types. Similarly, the c., AR protein
sequence may be evaluated. In particular embodiments,
whether there is a deletion of amino acids 322-325 in one or
more of the patient’s o, AR protein is known.

[0051] It is contemplated that any sample evaluated from
the patient will contain multiple ;AR and o, AR proteins
that may be analyzed. An analysis of these proteins can deter-
mine if the patient has §; AR proteins with only an arginine at
389, only a glycine at 389, or a mixture of both types. Like-
wise, it may be determined whether the patient has o, AR
proteins with only the wildtype sequence at amino acids
322-325 (no deletion), only a deletion of the amino acids
corresponding to 322-325, or a mixture of both types.
[0052] Methods for determining the sequence at a particu-
lar position in a protein are well known to those of skill in the
art. They may involve using an antibody, high pressure liquid
chromatography, or mass spectroscopy.

[0053] As discussed above, the sequence of a particular
position in the §; AR gene or protein and/or o, AR gene or
protein may be known. Some methods of the invention
involve determining the sequence in the 3; AR gene or protein
sequence and/or o, AR gene or protein sequence.

[0054] Consequently, it is contemplated that embodiments
may involve obtaining a biological sample from a patient. A
biological sample is a sample that contains biological mate-
rial such as all or part of an organ, tissue, cells, nucleic acids,
proteins, or other such macromolecules and substances. The
sample may include sputum, serum, blood, plasma, spinal
fluid, semen, lymphatic fluid, urine, stool, pleural effusion,
ascites, a tissue sample, tissue biopsy, cell swab, or a combi-
nation thereof. In other embodiments of the invention, a
sample may include cells that are from lung, skin, muscle,
liver, renal, colon, prostate, breast, brain, bladder, small intes-
tine, large intestine, cervix, stomach, pancreas, testes, ova-
ries, bone, marrow, or spine. In some embodiments, the
sample is a whole blood, plasma or serum sample, while in
other embodiments, the sample is obtained by lavage, smear,
or swab of an area on or in the patient. In certain embodi-
ments, the biological sample is a blood sample.

[0055] Insomeembodiments of the invention, the sequence
ofapatient’s 3, AR genes and/or proteins and/or the sequence
of'a patient’s o, AR genes and/or proteins may already have
been evaluated. It is contemplated that this analysis may have
been done prior to the patient being considered for treatment
with bucindolol or as part of a general examination. For
example, the sequence of the patient’s §, AR genes and/or
proteins, as well as his o, AR genes and/or proteins may be
determined and entered into a database or entered into the
patient’s medical history. In this case, a medical practitioner
may come to know what the sequence is by obtaining a patient
history regarding the sequence i) at position 1165 in the
coding sequence of one or both 3, AR alleles or ii) at position
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389 in the amino acids sequence of the §; AR protein; iii) at
position 964-975 in the coding sequence of one or both
a, AR alleles; and/or iv) at positions 322-325 in the amino
acids sequence of the o, AR protein.

[0056] The present invention also involves reporting the
results of a determination of the nucleic acid or protein
sequence at the relevant position in the 3, AR alleles or pro-
tein and/or the ., AR alleles or protein. In certain embodi-
ments, methods include preparing a report containing the
results of determining (1), (ii), (iii), and/or (iv) described in the
previous paragraph. Such a report would identify the patient
by name, social security number, and/or other identification
number or qualifier. It may also contain the actual data as a
result of the determination or a summary of that data.

[0057] Insome embodiments, methods include identifying
a patient possibly in need of treatment with a bucindolol. A
patient for which bucindolol is being considered as a treat-
ment option may have symptoms of or may have been diag-
nosed with a medical condition, such as heart failure, dilated
cardiomyopathy, ischemic heart disease, pheochromocy-
toma, migraines, cardiac arrhythmias, hypertension or an
anxiety disorder. In certain embodiments, the patient has
symptoms of or has been diagnosed with ischemic heart dis-
ease, which may specifically be angina and/or a myocardial
infarction. In particular cases, a patient has symptoms of or
has been diagnosed with heart failure. The heart failure may
be considered advanced heart failure, though the invention
may not be limited to such patients. The term “advanced heart
failure” is used according to its ordinary and plain meaning in
the field of cardiology. In some embodiments, a patient being
prescribed bucindolol may have class III or class IV heart
failure according to the NYHA classification system. The
NYHA classification system is one evaluation system, how-
ever, it is contemplated that the invention is not limited in this
way and that this is meant to be illustrative rather than limit-
ing. Patients may be classified by another such system. It is
father contemplated that patients may be classified by a dif-
ferent methodology but that the invention would be imple-
mented similarly.

[0058] Inother embodiments, however, a patient may have
signs or symptoms of heart failure but not advanced heart
failure. In such a situation the patient may have been or may
be characterized as a class [ or I heart failure patient accord-
ing to the NYHA classification system. In these embodi-
ments, the patient may be genotyped for the Arg389 , poly-
morphism, in which case a person with the Arg/Arg
phenotype is a candidate for bucindolol treatment. Conse-
quently, methods of the invention can involve preventing
heart failure in a patient by determining whether the patient
has Arg389/Arg389 polymorphism and administering bucin-
dolol if they do. Particular patients might be particularly
suited for this including, but not limited to, those patients with
symptoms of heart failure, with risk factors of heart failure, or
with a familial or prior history of heart failure.

[0059] Additionally, methods may involve administering
or prescribing other therapeutic agents or performing a sur-
gical or other interventional strategy for treating the patient.
[0060] According to the present invention, methods may
further involve prescribing or administering bucindolol to the
patient after knowing that the patient’s genotype at the 389
polymorphism is Arg389/Arg389, also known as the
homozygous arginine genotype. Additionally or alterna-
tively, bucindolol may be prescribed or administered after
knowing that the patient has the homozygous wildtype
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a, AR polymorphism (does not carry a deletion of nucle-
otides 964-975 in either allele of the a, ,AR gene). Moreover,
it may be the case that a patient who does not exhibit either or
both genotypes will not be prescribed or administered bucin-
dolol. The patient may be prescribed or administered a
[p-blocker that is specifically not bucindolol.

[0061] In additional embodiments, methods can involve
knowing whether there is a deletion in (iii) the nucleotide
sequence at positions 964-975 in the coding sequence of one
or both of the patient’s o, AR genes or (iv) the amino acid
sequence at positions 322-325 of one or more of the patient’s
o, AR proteins. This may be known in addition to or inde-
pendently of whether the patient’s genotype in the 3, AR gene
at position 1165 (389 in the protein).

[0062] Ifanadvanced heart failure (thatis, NYHA class III
or IV) patient exhibits a homozygous o, AR Del322-325
genotype and the patient does not exhibit the Arg389/Arg389
genotype, it is contemplated the patient will not be prescribed
or administered bucindolol. In certain embodiments, the
patient is identified as a patient whose race is Black. Alterna-
tively, if a patient does not exhibit a homozygous o, AR
Del322-325 genotype, the patient may be prescribed or
administered bucindolol.

[0063] Other information may also be considered in deter-
mining whether bucindolol is an appropriate drug for the
patient. This may include race, gender, age, previous surger-
ies, heart failure stage, patient history regarding cardiovascu-
lar disease, diagnosis of other diseases or conditions, risks for
other diseases or condition, drug allergies, drug toxicity, and/
or other medications being taken.

[0064] Therefore, it is contemplated that the invention also
concerns doing a diplotype analysis or obtaining the results of
a diplotype analysis. In particular embodiments, the diplo-
type analysis involves evaluating directly or indirectly the
polymorphism (1) at position 389 of 3, AR so as to determine
whether a patient has an Arg389/Arg389 genotype and (2) at
position 322-325 of o, AR so as to determine whether the
patient has a Del322-325/Del322-325 genotype. Other poly-
morphisms may be included in the haplotype, particularly
those that are affected or affect the patient’s ability to respond
favorably to bucindolol as a therapeutic agent.

[0065] Any embodiment discussed with respect to one
aspect of the invention applies to other aspects of the inven-
tion as well. This includes embodiments discussed with
respect to each of ;AR and a,.AR. Specifically, any
embodiment discussed withrespectto f§; AR genes, alleles, or
protein may be implemented with respect to o, AR genes,
alleles, or proteins, and vice versa.

[0066] The embodiments in the Example section are under-
stood to be embodiments of the invention that are applicable
to all aspects of the invention.

[0067] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alterna-
tives only or the alternatives are mutually exclusive, although
the disclosure supports a definition that refers to only alter-
natives and “and/or”

[0068] Throughout this application, the term “about” is
used to indicate that a value includes the standard deviation of
error for the device or method being employed to determine
the value.

[0069] Following long-standing patent law, the words “a”
and “an,” when used in conjunction with the word “compris-
ing” in the claims or specification, denotes one or more,
unless specifically noted.
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[0070] Other objects, features and advantages of the
present invention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while indi-
cating specific embodiments of the invention, are given by
way of illustration only, since various changes and modifica-
tions within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0071] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific embodi-
ments presented herein.

[0072] FIG. 1. The chemical structures of several p-block-
ers, including bucindolol, is depicted.

[0073] FIG. 2. Comparison chart of different anti-adrener-
gic agents and treatments based on Phase II or II heart failure
clinical trial data or other development data.

[0074] FIG. 3. This figure illustrates the allele-specific
effects of bucindolol in cells stably expressing 3, Arg389- or
B, Gly389. Results are mean+SE of 4 experiments.

[0075] FIG. 4. Bar graph illustrates a response to -block-
ade in transgenic mice with targeted overexpression of
Gly389 and Arg389 [,AR to the heart. Shown are mean
(=SE) results from Western blots for the indicated proteins
from hearts of §,-Arg389 and §,-Gly389 mice (n=3-4 in each
group). Data are normalized to the control (untreated) values.
An overall treatment response to propranolol was found only
in hearts from the f3,-Arg389 mice (P<0.002 by ANOVA).
[0076] FIG. 5. This illustrates the hazard ratios and 95%
confidence intervals for heart failure outcomes stratified by
B, AR genotype.

[0077] FIG. 6. This graph illustrates the survival of patients
in the bucindolol-placebo study stratified by treatment and
B, AR genotype.

[0078] FIG. 7. This graph illustrates the probability of
reaching the combined endpoint of death or heart failure
hospitalizations in the bucindolol-placebo study stratified by
treatment and 3, AR genotype.

[0079] FIG. 8. Change from baseline norepinephrine
levels+SEM at 3 months and 12 months, by treatment group.
In both A and B The numbers under the bars are the numbers
of patients in each group who had baseline and interval mea-
surements at each timepoint; p values are for a comparison of
change in each treatment group.

[0080] FIG. 9. Hazard ratios relative to the first quartile for
all-cause mortality, by quartile of baseline norepinephrine.
The norepinephrine cut points defining quartiles are: 1%,
<304 pg/ml; 277, 305 pg/ml to 436 pg/ml; 3’7, 437 pg/ml to
635 pg/ml; 4", <636 pg/ml. Numbers of patients per quartile
are: Placebo group 1% 294, 279 255, 3% 248, 4" 264; Bucin-
dolol group 1% 239, 279274, 37 284, 4™ 267.

[0081] FIG. 10. Hazard ratios relative to the first quartile for
the combined endpoint of all-cause mortality+CHF hospital-
ization, by quartile of baseline norepinephrine.

[0082] FIG. 11. Likelihood analysis for change in norepi-
nephrine at 3 months vs. subsequent all-cause mortality, Pla-
cebo and Bucindolol treatment groups.

[0083] FIG. 12. Nonfailing and failing human ventricular
ex vivo contractile responses correlate with ;AR genotype.
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Right ventricular trabeculae were utilized from nonfailing
and failing human hearts as described in Methods. Trabeculae
from 11 hearts were studied in each of the four groups. All Arg
strps were from homozygous subjects. The Gly carriers con-
sisted of 10 hetozygotes in the nonfailing and 9 in the failing
groups, with the remainder being homozygotes for Gly. The
maximal response derived from the dose response curves was
greater for Arg389, both in the nonfailing (P=0.01) and failing
(P=0.008) studies.

[0084] FIG. 13A-D. Effect of increasing doses of bucin-
dolol or xamoterol on peak systolic force (mN/mm?) in iso-
lated right ventricular trabeculae from failing human hearts.
Dose-response curves were performed without (bucindolol,
panel A; xamoterol, panel C) and with (bucindolol, panel B;
xamoterol, panel D) pretreatment by 10~> M forskolin to
enhance $-AR signal transduction. In the forskolin pretreat-
ment experiments, forskolin-alone trabeculae were allowed
to incubate throughout the treatment period, and any effects
on force were subtracted from the bucindolol or xamoterol-
treated trabeculae. *, =p<0.05 vs. baseline tension; T, p<0.10
vs. baseline tension; §, p<0.05 vs. slope of O for entire curve;
9, p<0.05 vs. slope of 0 for doses of 10" Mto 10~° M; p values
associated with brackets are for test for interaction between
curve slopes, with 1st p valur for doses between 10~° M to
107% M, and 2nd p value for entire curve.

[0085] FIG. 14. Antithetical consequences of chronic myo-
cardial §; adrenergic stimulation.

[0086] FIG. 15. Characteristics of norepinephrine change
in risk groups and patients treated with bucindolol. Standard
deviations (SD) are included in chart.

[0087] FIG. 16. Additional characteristics of norepineph-
rine change in risk groups and patients treated with bucin-
dolol. Standard deviations (SD) are included in chart.
[0088] FIG. 17. Illustration of correlation between o, AR
genotype and systemic norepinephrine levels in BEST
patients.

[0089] FIG. 18. Illustration of correlation between o, AR
genotype and systemic norepinephrine response (pg+SEM)
in BEST patients after three months.

[0090] FIG. 19. Correlations between o, .-AR genotype,
systemic norepinephrine response (pg+SEM) in BEST
patients after three months, and survival by treatment group
among BEST patients.

[0091] FIG. 20A-D. Effect of §,-AR Arg/Gly 389 gene
variants on isoproterenol response in isolated human RV tra-
beculae. A. Homozygous [3,-AR Arg 389 failing Iso response.
B. B,-AR Gly 389 carrier failing Iso response. C. Homozy-
gous f,-AR Arg 389 nonfailing Iso response. D. [3,-AR 389
Gly carrier nonfailing Iso response.

[0092] FIG. 21. o, _-AR and f,-AR gene variants: treat-
ment effects in BEST (mortality).

[0093] FIG. 22. B-blocker mortality trials in U.S. popula-
tions, mortality hazard ratios+95% C.I.s.

[0094] FIG. 23. Effect of p-blocking agents on systolic
function in NF hRV trabeculae.

[0095] FIG. 24. Effect of p-blocking agents on systolic
function in NF hRV trabeculae with amplification of signal
transduction by 10 uM forskolin (F) treatment.

[0096] FIG. 25. Effect of p-blocking agents on systolic
function in failing hRV trabeculae.

[0097] FIG. 26. Effect of p-blocking agents on systolic
function in failing hRV trabeculae with amplification of sig-
nal transduction by 10 uM forskolin (F) treatment.

[0098] FIG. 27. Study Design 1.
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[0099] FIG. 28. Study Design II.
[0100] FIG. 29. Study Design III.
DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS
[0101] The inventors of the present invention were con-

fronted with the data that bucindolol appeared to provide less
favorable therapeutic responses in certain patient subgroups
and a less favorable response than other 3-blockers by certain
criteria. They hypothesized that the interindividual variability
in the response to bucindolol in heart failure (HF) is due to
genetic variability and determined the basis for this. In doing
so, the inventors were able to make a significant case for the
therapeutic value of bucindolol and its appropriateness for the
treatment of heart failure in humans.

[0102] The genetic variability of the §; AR at amino acid
389 of the protein (nucleic acid 1165 of the gene) was evalu-
ated. This was based on the properties of the two receptors,
denoted here as Arg389 and Gly389, as ascertained in trans-
fected cells, where basal and agonist-stimulated adenylyl
cyclase activities are approximately 3-fold greater for the Arg
receptor (Mason et al., 1999). However, prior to the current
studies, it was not clear whether patients with Arg389, or
Gly389, would benefit most from bucindolol treatment. For
example, the enhanced function of Arg389 may have made it
impossible for bucindolol to act as an effective antagonist.
The ultimate test of the hypothesis, where death, cardiac
transplantation or HF hospitalizations (heart failure exacer-
bations in actual patient treated with placebo or bucindolol)
were evaluated, had not been carried-out.

[0103] The present invention thus approached the question
of whether the Arg (or Gly) 389 (3, AR allele represents a
pharmacogenetic locus for predicting response to f-blockers
in heart failure using a three-tiered approach involving inves-
tigations in transfected cells (see Example 1 discussed in
detail below), transgenic mice (see Example 2 discussed in
detail below) and a large multicenter placebo-controlled clin-
cal trial (see Example 3 discussed in detail below). The clini-
cal study is denoted BEST (B-blocker Evalutation Survival
Trial). In the transfected cells, functional antagonism by
bucindolol of norepinephrine-stimulated cAMP was
assessed. Even though the Arg389 receptor displayed mark-
edly higher norepinephrine-stimulated cAMP production,
bucindolol antagonized the response. The absolute decrease
in cAMP production was substantially greater for Arg389 vs
Gly389 expressing cells, which is due to the high norepineph-
rine stimulation of Arg389 and the efficacy of bucindolol to
fully antagonize the response. Approximately 80% inhibition
of'the Arg389 cAMP response was observed at 0.1 uM bucin-
dolol, which is comparable to plasma concentrations of the
drug at the doses used in BEST (unpublished data). These
results suggested that in patients a greater change in cardiac
B, AR activity from bucindolol treatment might be possible in
those with the [3,-Arg389 compared to the 3,-Gly389 geno-
type, and potentially result in a more favorable clinical
response. In the transgenic mouse studies, the inventors
examined the effect of p-blockade over a 6 month period on
the expression of key signaling and Ca**-handling proteins in
the heart. With the Gly389 mice, there was no effect of treat-
ment on expression of these proteins. On the other hand, an
overall treatment effect from f-blockade was noted in the
Arg389 mice, with changes that are consistent with reverse
remodeling at the molecular level. Next, the archived DNA
from BEST, a study which provided extensive phenotyping
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and matched placebo group, was utilized; due to the trans-
fected cells and transgenic mice results, the inventors had an
a priori hypothesis that 3, -Arg389 would be the most favor-
able genotype for survival. Here, a dominant model was
assumed. Thus, the two genotype groups were Arg389
homozygotes and patients with one or two Gly389 alleles
(i.e., homozygous for Gly or heterozygotes; this group is
termed “Gly389 carriers™). The clinical endpoint results from
BEST indicate no mortality, heart failure hospitalization or
mortality+heart failure hospitalization benefit of bucindolol
treatment in patients who are {3,-Gly389 carriers, but clini-
cally relevant improvements in all three outcomes in
[,-Arg389 homozygous patients treated with bucindolol as
compared to placebo. Baseline clinical parameters including
heart rate, blood pressure and LVEF, or the etiology of heart
failure, were not predictive of endpoint response in the entire
cohort that included all ;AR gene variants. Furthermore,
there was no apparent effect of the §,-Gly49 polymorphism
on these relationships. Taken together, then, the results from
these studies strongly suggest that position 389 variant of
P;AR is a predictor of the response to bucindolol in heart
failure.

[0104] Moreover, a role for the genetic variant in the
a2cAR gene was also postulated for bucindolol efficacy. The
inventors of the present invention hypothesized that the inter-
individual variability in the response to bucindolol in heart
failure is due to genetic variability of the o, AR gene. The
present invention thus approached the question of whether the
a,.Del322-325 AR allele represents a pharmacogenetic locus
for predicting response to bucindolol in heart failure using
BEST, a large multicenter placebo-controlled trial (see
Examples discussed in detail below). The archived DNA from
BEST, a study that provided extensive phenotyping and
matched placebo group, was utilized Here, a dominant model
was assumed. Thus, the two genotype groups were 1) o,
wild-type homozygotes (patients with no deletion in 322-325
on either allele) and o, Del322-325 heterozygotes or
homozygotes (patients with the deletion in one or both alleles,
referred to as “a,, .Del322-325 carriers”). The clinical end-
point results from BEST indicate no mortality, heart failure
hospitalization or mortality plus heart failure hospitalization
benefit of bucindolol treatment in patients who are
a.,.Del322-325 carriers, but clinically relevant improvements
in all three outcomes in o, wild-type homozygous patients
treated with bucindolol as compared to placebo. Baseline
clinical parameters including heart rate, blood pressure and
LVEEF, or the etiology of heart failure, were not predictive of
endpoint response in the entire cohort that included all ., AR
gene variants. Taken together, then, the results from these
studies strongly suggest that the o, .Del322-325 polymor-
phism is a predictor of the response to bucindolol in heart
failure.

[0105] Therefore, the present invention concerns methods
that utilize the genetic relationship between the Arg389 §, AR
polymorphism and bucindolol therapy and between the
Del322-325 a, AR polymorphism and bucindolol therapy.

1. ADRENERGIC RECEPTORS AND
B-BLOCKERS

[0106] Treatment for heart failure has involved targeting
adrenergic receptors (AR). There are at least nine sub-types of
adrenergic receptors (Dohlman et al., 1991; and Liggettetal.,
1993), of which at least three sub-types are f-adrenergic
receptors.
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[0107] A potential role for common genetic variants in
susceptibility, progression and response to treatment is sug-
gested by familial clustering of phenotypes, reduced pen-
etrance in familial cardiomyopathies and marked interindi-
vidual variations in progression and treatment outcomes.
While polymorphisms in adrenergic receptors have been
identified, there has been no study involving patients data in
which a correlation between any polymorphism and a clinical
response to a therapeutic agent has been identified. The
present invention concerns two polymorphisms: 1) the poly-
morphism encoding the amino acid at position 389 in 3, -AR
and 2) the polymorphism encoding amino acids 322-325 in
o, .~AR. However, the relationship between these particular
genetic variant and any treatment outcome had not been
established with any clinical evidence prior to the present
invention, nor had any correlation been demonstrated with
bucindolol.

[0108] A.p, Adrenergic Receptor

[0109] The 3, adrenergic receptor ([3,-AR) is the principle
subtype expressed on cardiac myocytes. The human heart
expresses both the §; AR and the 3,AR subtypes (Bristow et
al, 1986; Bristow et al., 1988). Each receptor mediates posi-
tive inotropic and chronotropic responses to endogenous cat-
echolamines and exogenously administered agonists (Bris-
tow et al., 1986; Brodde et al., 1986; Brodde et al., 1992).
[0110] The ,AR triggers the heart’s contractile response
when activated, as it is by norepinephrine. In addition, the §,
receptor has a central role in the progression of cardiomyopa-
thy and other disease pathways. Increased activation of this
receptor and its associated myopathic and arrhythmic path-
ways plays a major role in the natural history of heart failure.
Once the cardiomyopathic process has begun, chronic 3 ,-adr-
energic activation accelerates disease progression, as the fail-
ing heart tries to compensate for its impaired functioning by
releasing more norepinephrine and increasing [3,-receptor
signaling. The theory of -receptor blockade rests in part on
counteracting this cardiomyopathic pathway by blocking the
[3,-receptor and reducing norepinephrine signaling.

[0111] The f, adrenergic receptor has been cloned and
sequenced (Frielle et al., 1987). The gene has been localized
to chromosome q24-q26 of chromosome 10 (Yang-Feng et
al., 1990). The human ;AR has a deduced amino acid
sequence of 477 amino acids.

[0112] At coding nucleotide position 1165 of the ;AR
gene, either cytosine or guanine can be found in the human
population, which results in either Arg or Gly being encoded
atamino acid position 389 (Mason et al., 1999). This position
is within an intracellular domain of the receptor that is
involved with coupling to the stimulatory G-protein, G,. In
fibroblasts transfected to express equal levels of the two
receptors, the [,-Arg389 receptor display substantially
greater stimulation of adenylyl cyclase compared to
B,-G1ly389 (Mason et al., 1999). A less common polymor-
phism of the §; AR, Gly49, has also been identified but there
are discrepant reports as to its functional implications (Rathz
et al., 2002; and Levin et al., 2002).

[0113] The B,-AR 389Arg/Arg polymorphism is actually
the most prevalent form of the 3, adrenergic receptor and is
present in about 50% of the U.S. population (slightly less in
African-Americans). The other variant of this receptor has a
glycine (Gly) at the 389 position and is considered the wild
type only because it was cloned first. The presence of an
arginine (Arg) at codon 389 is the preferred (and only) struc-
ture of this receptor in all other known non-human animal
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species, and the 389 region is in an important functional
domain. The 389Arg/Arg is also the highest functioning
variation of this receptor (Mason et al., 1999); its signal
transducing efficacy is 3-4 times greater than for Gly het-
erozygotes or Gly/Gly at the 389 position (see Examples and
Mason et al., 1999). The increased signal transduction capac-
ity of the f,-AR 389Arg/Arg applies to cAMP generation
(Mason et al. 1999), isolated human heart muscle contraction
(Mason et al. 1999), and production of cardiomyopathy in
transgenic mice (Mialet Perez et al., 2003).

[0114] Certain -blockers have been evaluated in the con-
text of specific genetic variations with varying results. Sofo-
wora et al. reported that patients who are homozygous for
Gly389 are less sensitive to the effects of atenolol, a selective
[-adrenergic receptor, based on hemodynamic responses,
suggesting to the authors that the variation may be relevant
particularly to resting blood pressure responses. Johnson et
al. (1993) reported that homozygotes for Arg389 were more
likely to respond to metoprolol, a selective [-blocker, as
measured by blood pressure. Perez et al. (2003) evaluated
position 389 variants of the ;AR in the context of intact
cardiac function using targeted transgenesis in mice. In these
transgenic mice overexpressing either homyzgous Arg or Gly
at the 389 position, Arg/Arg mice had a greater loss of iso-
proterenol responsiveness for increases in myocardial func-
tion, and a greater degree of cardiomyopathy as measured by
myocardial dysfunction, degree of chamber remodeling, and
histology. They also reported a greater improvement in left
ventricular function in patients treated with carvedilol, a non-
selective B-blocker, that was associated with the Arg389 poly-
morphism, in either the homozygous or heterozygous state.

[0115] Liu et al. (2003) report finding that a greater
response (in terms of changes in heart rate) to metoprolol was
associated with Arg389 compared to Gly389. The authors
also warned about extending the results beyond their patient
pool, which was healthy, young, male Chinese volunteers.
They specifically say that the study did not look at any long-
term effects of metoprolol with respect to the polymorphisms.

[0116] A review article published in 2004 (Lohse, 2004)
noted that while the Arg389 polymorphism might be relevant
to the benefit from treatment of §-blockers, there had been no
study regarding the influence of f1-adrenergic receptor poly-
morphisms on responsive to f-blockers in heart failure.
Another review indicated that while some studies suggested
that polymorphisms in adrenergic receptors might alter the
response to treatment with f-blockers, firm conclusions or
recommendations for patient management could not be made
because of the low patient numbers in the different studies

[0117] Moreover, several reports did not detect any corre-
lation between a polymorphism at 389 of the §,-AR and the
treatment response to a §-blocker. Thus, there is a distinguish-
ing point with respect to the present disclosure, although the
specification points to a reference of White et al. (see argu-
ment #1 below), which allegedly looked at metoprolol-
treated heart failure patients as assessed by mortality or the
combined endpoint of mortality+heart failure hospitalization,
and found no association. O’Shaughnessy et al. (2000)
reported that no difference was seen in blood pressure or heart
rate response to beta blockade (atenolol or bisoprolol—both
antagonists) due to 389 polymorphism. Another paper,
Joseph et al. (2004), also observed no difference in receptor
affinity for -blockers with 389 polymorphism. Furthermore,
arecent study reported being unable to find any evidence of “a
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pharmacogenetic effect” on metoprolol treatment with
respect to the Arg389 polymorphism. White et al., Fur J
Heart Fail. 5:463-8, 2003.

[0118] Therefore, a correlation between the effectiveness
of B-blockers as a class of therapeutic agents and the 389
polymorphism in f§,-AR had not been established. Further-
more, no correlation could be made regarding bucindolol
particularly, which differs from the other -blockers in sev-
eral important respects. Because the differences among the
various [3-blockers is significant, the effects of the §;, AR-389
variants on P-blocker response may be dependent on the
specific agent.

[0119] The present disclosure provides data that when the
BEST data is evaluated in the context of individual genotype,
particularly at the Arg389 polymorphism, bucindolol has sub-
stantial therapeutic efficacy. This data is surprising given that
in the BEST study the mortality effects observed in the total
population studied were lower than what had been observed
with other [-blockers such as carvedilol, metoprolol CR/XL,
and bisoprolol. Furthermore, the scientific data provided
herein demonstrate for the first time a correlation between the
therapeutic efficacy of bucindolol and two genetic variaants.
[0120] In detail, the invention provides a method for deter-
mining whether bucindolol should be prescribed to a patient
wherein; the identity of a polymorphic nucleotide or amino
acidsite of a }; AR and a o, -AR is determined and based on
the results of that diagnostic test bucindolol is either pre-
scribed or not. Similarly, based on the genotype, another
medication may be prescribed for patient with the unfavor-
able 3, AR genotype, so as to attempt to gain improved clini-
cal response. In both scenarios, drug treatment decisions are
based on the 3; AR genotype of the patient.

[0121] Thus, the invention concerns methods for evaluating
bucindolol therapy for a patient, particularly a heart failure
patient, based on whether the individual is homozygous
Arg389 at the §, AR gene, homozygous for the wild type form
of'the ., AR at amino acid position 322-325, or both. Alter-
natively, the present invention concerns a method concerning
the diplotype of ; AR389Gly carrier and o, . ARDel322-325
carrier.

[0122] B. a,. Adrenergic Receptor

[0123] The o, .-ARs are located on cardiac sympathetic
nerve terminals, and regulate the prejunctional neuronal
release of norepinephrine into the synaptic cleft area. Binding
of norepinephrine to a,_-ARs invokes a negative feedback
sympatholytic response that attenuates further neuronal nore-
pinephrine release. Murine gene ablation models implicate
the o, -ARs as being principally responsible for controlling
the chronic steady rate of norepinephrine release. (Hein et al.,
1999). In this way the o, _-AR has a “protective” role in the
heart, buffering against the chronically elevated levels of
norepinephrine encountered in the failing human heart.
[0124] A human genetic polymorphism has been reported
forthe a2¢c-AR gene, ADRA2C. (Small et al., 2000). A loss of
12 nucleotides in ADRA2C translates to a deletion of four
consecutive amino acids (o, Del322-325) in the third intra-
cellular loop of the receptor. (Small et al., 2000). This deletion
polymorphism is much more common in African-Americans,
with a 0.4 allele frequency compared to 0.04 in non-African-
Americans. Overall, this polymorphism is present in about
15% of the U.S. population.

[0125] In contrast to the Arg389 polymorphism, the 322-
325 Del polymorphism of the a.,,. adrenergic receptor is an
uncommon and low-functioning variation of this receptor
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(Small et al., 2000). Loss of these four residues predicts a
reduction in receptor function, which is supported by cellular
transfection experiments where receptor function is curtailed
by 50-85%. (Small et al., 2000). The a.,_ receptor ordinarily
tonically inhibits norepinephrine release prejunctionally in
adrenergic nerve terminals (Hein et al., 1999).

[0126] The 322-325 deletion essentially destroys receptor
function (Small et al., 2000) leading to higher levels of nore-
pinephrine and adrenergic drive (Neumister et al., 2005). The
consequence of diminished inhibitory control is that basal
norepinephrine release is constitutively increased resulting in
a higher state of sympathetic activity. (Hein et al., 1999). In
heart failure this becomes of particular interest as o, Del322-
325 receptors lack the “protective” braking effect against
increased sympathetic drive.

[0127] The «,Del322-325 receptor polymorphism,
present in one study as a homozygous genotype in only 7.4%
of Caucasians but in 52.6% of Blacks with chronic heart
failure, results in loss of function as assessed by inhibition of
adenylyl cyclase stimulation (Small et al., 2002). This defect
has functional consequences on c,_-AR function and has
been interchangeably referred to as both “polymorphism”
and a “mutation” reflecting the characteristics of relative
commonness in populations and its profound structural/func-
tional effects, respectively. Throughout this proposal the vari-
ant is referred to primarily as a “polymorphism” to reflect that
this is a common variant present in many subjects with heart
failure. Its importance, however, stems from its functional
consequences, profoundly diminishing receptor activity.
Based on the effects of genetic ablation in mice, the wild type,
fully functional c,, receptor is prejunctionally inhibitory to
norepinephrine release; as the knockout mice display a loss of
this inhibition that leads to increased norepinephrine levels
and pathological hypertrophy. (Hein et al., 1999). The clinical
importance in humans of this polymorphism was illustrated a
study that identified the o, Del322-325 genotype as a risk
factor for heart failure; having an unadjusted odds ratio for
heart failure of 5.54 (95% CI1 2.68, 11.45; p<0.001) in Blacks
homozygous for this genotype as compared to heterozygotes
and noncarriers. (Small et al., 2002). In conjunction with the
[;Arg389 variant the effect was more pronounced with an
unadjusted odds ratio of 12.67 (95% CI 2.70, 59.42; p=0.
001). However, in contrast to the present disclosure, there has
been no indication that these polymorphism are relevant from
a therapeutic perspective.

[0128] C. B-Blockers

[0129] While 8, agonists such as dobutamine, are used for
treating acute deterioration of patients with failing ventricular
function, prolonged exposure of the heart from administered
agonists, or the elevated endogenous catecholamine agonists
produced by the body, leads to worsening heart failure.
Indeed ;AR and §,AR become desensitized in heart failure,
which is thought to be a mechanism of self-protection against
the high levels of catecholamines that exist in heart failure.
The administration of [ antagonists can improve ventricular
function and clinical outcomes, presumably by blocking
these deleterious effects of catecholamines. And indeed, car-
diac PAR expression and function improve during f§ blockade
treatment of heart failure. The vast majority of the deleterious
effects of catecholamines, and the success of  blocker
therapy is due to variants of the ;AR subtype. (Zhu et al.,
2001; and Bristow et al., 2003).

[0130] p-adrenergic receptor antagonists (also termed
[-blockers) have emerged as a major treatment modality in
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chronic heart failure. Initially these agents were thought to be
contraindicated in heart failure, since increased adrenergic
drive was thought to be critical for supporting the failing
heart. In fact, in early experience with the 1% generation
compound propranolol, administration of standard doses was
frequently associated with worsening of heart failure
(Stephen, 1968). However, using low starting doses and slow
up-titration, 2”4 generation (selective §,-blockers) or 3 gen-
eration (nonselective [-blocker-vasodilators) generation
compounds have been shown to reverse contractile dysfunc-
tion as well as structural and molecular remodeling, and to
improve heart failure morbidity and mortality (Bristow,
2000); Investigators and Committees. The cardiac insuffi-
ciency bisoprolol study II: a (CIBIS-II, 1999); MERIT-HF
Study Group. Effect of metoprolol CR/XL in chronic heart
failure: Metoprolol CR/XIL. Randomized Intervention Trial in
Congestive Heart Failure (MERIT-HF, 1999). Packer et al.
(2001); BEST Trial Investigators, (2001); Lowes et al., 2002).
In part, these beneficial effects are thought to be due to a
protection of the failing heart, which has limited metabolic
and physiologic reserves, from persistent adverse biological
effects mediated by elevated norepinephrine levels found in
the syndrome (Bristow, 2000; Cohn et al., 1984; and Liggett,
2001). In addition, f-blockers have been shown to partially
reverse the molecular phenotype ofheart failure (Lowes et al.,
2002), so these agents are capable of both preventing and
reversing progressive myocardial failure and remodeling
Eichhorn and Bristow, Circulation 1996).

[0131] Interestingly, recent studies have shown that the
heart rate and/or blood pressure response to the -blockers
metoprolol and atenolol is greater in normotensive Arg389
individuals compared to Gly389 individuals (Liu et al., 2003;
and Sofowora et al., 2003). And, in hypertensives the blood
pressure response to metoprolol is greater in Arg389 com-
pared to Gly389 patients (Johnson et al., 2003). One pub-
lished study in heart failure has found no apparent association
or trend between ;AR polymorphisms and the combined
response of hospitalizations and death to metoprolol treat-
ment (White et al., 2003). In this study, though, metoprolol-
treated patients were not directly compared to placebo
patients by genotype, and approximately 45% of the patients
had mild heart failure (NYHA Class II), and the mean follow-
up period was only 12 months. Such differences may account
for this potential discrepancy. However, bucindolol and meto-
prolol have some notable differences in their pharmacologic
properties (Bristow, 2000; and Bristow et al., 1997). In par-
ticular, bucindolol lowers norepinephrine, dilates the periph-
eral vasculature, and more potently blocks the human [3,-adr-
energic receptor.

[0132] While a common pharmacologic property of all
[-blocking agents that have been used to treat HF is that they
block the 3, AR, which in the failing human heart has been
estimated to transduce up to approximately 90% of the patho-
logic adrenergic stimulation (Zhu et al., 2001; and Bristow et
al., 2003), the available -blockers have a number of distin-
guishing properties including p AR-subtype selectivity, affin-
ity for a; AR, partial agonist activity, sympatholysis (Bristow
et al., 2004) and vasodilation (Bristow, 2000; and Bristow et
al., 1997).

[0133] The chemical structure of some -blockers is pro-
vided in FIG. 1, which shows that these agents have signifi-
cant structural differences. Moreover, they have different
pharmacological properties. As is shown in FIG. 2, a com-
parison of different anti-adrenergic agents in development or
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in Phase II or III clinical trials depicts these differences.
Carvedilol, for instance, is an efficient §;-AR and p,-AR
blocker, as well as an a,-AR blocker. In contrast, bucindolol
is a weak a;-AR blocker, and metoprolol and bisoprolol do
not block a,;-AR at all. Significantly, bucindolol is unique
among [-blockers in its sympatholytic properties, in contrast
to carvedilol, metoprolol, and bisoprolol, which have no such
properties. Compared to other §-blocking agents bucindolol
uniquely lowers systemic norepinephrine levels (Lowes et al.,
2000; Bristow etal., 1997; BEST NEJM, Bristow, 2004), and
is a full agonist for the f3;-adrenergic receptor (Strosberg,
1997).

[0134] Bucindolol is a 3rd generation, $-blocker-vasodila-
tor with the chemical name and structure of (2-{2-hydroxy-
3{{2-(3-indolyl)-1,1-dimethylethyl}amino }propoxy }-ben-
zonitrile hydrochloride). It was first developed for
hypertension, and then for heart failure. Because of its low
inverse agonist and vasodilator properties the nonselective
p-blockade of bucindolol is relatively well tolerated by heart
failure patients, and in part for this reason in 1994 bucindolol
was selected by the NIH and VA Cooperative Clinical Trials
Group to test the hypothesis that a $-blocker could reduce
mortality in advanced heart failure. The test of this hypothesis
was the BEST Trial, which was conducted between May 31,
1995 and Jul. 29, 1999.

[0135] The Beta-blocker Evaluation of Survival Trial
(“BEST”) was stopped prematurely on recommendation of
the Data and Safety Monitoring Committee, at a time when
the hazard ratio for the primary endpoint of all-cause mortal-
ity was 0.90 (C.Is 0.78-1.02) (BEST Investigators, 2001;
Domanski et al., 2003). However, the results for the entire
BEST cohort were positive for the high order secondary end-
point of mortality or heart failure hospitalization, which was
reduced by bucindolol by 19% with a p value of <0.0001
(Domanski et al., 2003). This endpoint is in fact increasingly
viewed as the preferred primary endpoint for HF pivotal
trials.

[0136] The reasons why BEST was stopped were 1) con-
firmation by BEST Trial data generated in Class 111, non-
Black patients of the then recently published information
from CIBIS-II (CIBIS Investigators, 1999) and MERIT-HF
(MERIT-HF Study Group, 1999) trials that these types of
heart failure patients have a substantial survival benefit from
[-blockade, 2) increasing loss of equipoise among investiga-
tors, who believed that the efficacy of p-blockade in heart
failure had been demonstrated, and 3) inefficacy and trends
toward adverse events in subgroups (Class IV and Blacks)
that had not been previously investigated in [-blocker heart
failure trials. Further development of bucindolol was then
abandoned because it was not clear bucindolol could be suc-
cessfully marketed, even if approved.

[0137] Therefore, in this large survival trial in which the
end point evaluation was overall survival, the BEST clinical
trial was terminated early because of confirmation of benefit
that had recently been shown in other trials, and the inability
to extend the efficiacy of bucindolol to patient subgroups that
had not been previously evaluated in large scale clinical trials
(BEST Investigators, 2001). At that time, there was no sig-
nificant difference in mortality observed between those
treated with bucindolol or with a placebo. In distinct contrast
to the results of BEST, similar studies with the f-adrenergic
antagonists bisoprolol (termed “CIBIS-II” trial), metoprolol
(termed “MERIT-HF” trial), and carvedilol (termed
“COPERNICUS” trial) reported very favorable differences
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(34-35% reductions in mortality) between those treated with
the antagonists and those treated with a placebo. The BEST
investigators speculated that one possible explanation for the
difference in the results “may derive from the unique phar-
macological properties of bucindolol.”

[0138] In the CIBIS-II trial, the study was also stopped
early, but because the mortality rates were significantly less in
those treated with bisoprolol. CTBIS-II Investigators, 1999.
Similarly, in the MERIT-HF study with metoprolol, the study
was ended prematurely because the predefined criterion had
been met and exceeded. MERIT-HF Study Group, 1999. The
COPERNICUS study involving carvedilol was also halted
early because of the significant benefits observed with treat-
ment. Packer et al., 2001. The BEST investigators noted that
their results raised questions about the equivalency of
[-blockers.

[0139] Moreover, in previous non-mortality studies with
carvedilol (Yancy et al., 2001), no response differences were
observed between black and non-black subjects, which is
another specific, and relevant distinction with respect to
bucindolol. In the BEST trial, black patients with advanced
heart failure showed a worse outcome than non-blacks. Bris-
tow, 1997.

[0140] One review of the different trials stated, “No clear
explanation can be proposed for the reduced benefit obtained
with bucindolol in the BEST study.” Bouzamondo et al., 2001
(finding that if the BEST trial is excluded, the evidence indi-
cates risk reduction achieved with f-blocker treatment).
While the authors say their study suggests that different heart
failure populations subgroups have a different response to
[-blocker therapy, they do not exclude the possibility that the
different p-blockers have different properties, nor do they say
that polymorphisms are the reason. See also Sallach et al.,
2003. (“While some authorities have suggested that [the dif-
ference with the BEST trial] was due to the patient population
examined, others feel that the lack of mortality reduction is
due to bucindolol itself.”).

[0141] Therefore, there are therapeutic differences
between bucindolol and other $-blockers, and there was a
significant question regarding the therapeutic efficacy of
bucindolol overall. Consequently, any relationship between
bucindolol and particular genetic variants was not evident.

[0142] The benefit of retrospective analysis based on the
genetic data disclosed herein highlights the unique pharma-
cologic features of bucindolol that contribute to its effective-
ness in treating heart failure patients. Two of these features
are also instrumental in the interaction of the drug with the
adrenergic receptor gene variants.

[0143] The first of these features is sympatholysis, or the
ability of a drug to lower adrenergic drive directly (lower
norepinephrine levels in blood and tissue). As noted above,
among p-blockers that have been used to treat heart failure,
bucindolol is unique in this regard (BEST Trial Investigators,
2001; Lowes et al., 2000; Bristow et al., 2004). The sym-
patholytic effects of bucindolol are likely due to [3,-receptor
blockade coupled with not enough «,-blockade to activate
adrenergic drive, and low inverse agonist activity for f3;-and
[,-receptors to minimize adrenergic activation based on
myocardial depression. Other properties of bucindolol that
could contribute to sympatholysis are nitric oxide generation
and f;-receptor agonism (Strosberg, 1997). These latter two
properties plus or minus a weak o, -receptor blockade likely
account for the mild vasodilator properties of bucindolol (Gil-
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bert et al., 1990) which, unlike carvedilol, are not powerful
enough to trigger reflex adrenergic activation.

[0144] When present in modest amounts, (smaller reduc-
tions in norepinephrine) sympatholysis is a favorable prop-
erty, contributing to the therapeutic anti-adrenergic effect of
bucindolol. This is a potentially superior mechanism of action
to simple p-blockade, as excess norepinephrine is removed
from the system. Norepinephrine is toxic to heart muscle and
in excess amounts triggers various cardiac disease pathways.
However, when exaggerated, sympatholysis can be harmful,
and can increase mortality (Bristow et al. 2004). As discussed
below, genetic targeting of bucindolol allows this property to
function only in a favorable manner.

[0145] The second pharmacologic property of bucindolol
that interacts with a pharmacogenetic target is high affinity
[3,-receptor blockade (Hershberger et al., 1990; Asano et al.,
2001). Bucindolol has high affinity for human f3,-receptors,
as well as for f3,-receptors (Hershberger et al., 1990). In
addition, through a non-agonist effect on either translation or
protein turnover, bucindolol lowers f,-receptor density
(Asano et al., 2001). Because it is so well tolerated, bucin-
dolol can be administered at very high -blocking doses, and
each of these properties contributes to its salutary effects on
the high functioning human f,-receptor 389Arg/Arg gene
variant (Examples, Mason et al., 1999). Although bucindolol
has intrinsic sympathomimetic activity (ISA) in rat myocar-
dium in functioning human cardiac tissue bucindolol is
devoid of ISA (Bristow et al., 1994; Sederberg et al., 2000;
Bristow et al., 1998, Example 7). This can clearly be seen in
FIG. 13, panels A and B, where no significant increase in
force development occurs in isolated failing human right
ventricular trabeculae, even in the presence of signal trans-
duction augmentation with the diterpene compound forsko-
lin, in either the 3, AR Arg/Arg or Gly carrier genotypes. In
contrast, as shown in FIG. 13 panel C, xamoterol as a positive
control ISA compound exhibits an increase in force in both
low and high signal transduction activation in the f§; AR Arg/
Arg genotype, but only in the high activation state rendered by
forskolin pretreatment in Gly carriers. Finally, as shown in
FIG. 13, in preparations of isolated human heart, bucindolol
has unique effects on §; AR Arg/Arg vs Gly carrier receptors.
Under conditions of low levels of signal transduction (low
receptor activation) in the failing heart (Panel A), bucindolol
functions as a neutral antagonist (no agonist or inverse ago-
nist activity) at the human myocardial {3, Arg/Arg receptor,
but when signal transduction is high as when adenylyl cyclase
is directly activated by forskolin (Panel B), bucindolol func-
tions as an inverse agonist, inactivating the receptor as indi-
cated by a statistically significant slope factor up to the high-
est concentration achievable in plasma by therapeutic doses,
1075 M. No such effect occurs in Gly carrier receptors, where
bucindolol functions as an inverse agonist in low activation
states, and a neutral antagonist in the presence of forskolin.
These data suggest that bucindolol is uniquely effective in
antagonizing high activation states of the $,389 Arg/Arg
receptor, the form of the receptor that would be expected to be
the most cardiomyopathic.

[0146] Theseproperties are likely reasons for the surprising
and unexpected results that were observed with the Arg389
genetic variant in the §; AR and the Del322-325 genetic vari-
ant in o, /AR in the context of bucindolol treatment.
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1I. ANALYSIS OF POLYMORPHISM

[0147] Because the genetic variants are in coding regions of
the §,-AR and a-AR genes and affect the encoded protein,
the presence of the Arg389 or Del322-325 polymorphism can
be determined from either the sequence of the nucleic acid or
the protein. As a result, a variety of different methodologies
can be employed for this purpose.

[0148] A. Nucleic Acids

[0149] Certain embodiments of the present invention con-
cern various nucleic acids, including amplification primers,
oligonucleotide probes, and other nucleic acid elements
involved in the analysis of genomic DNA. In certain aspects,
anucleic acid comprises a wild-type, a mutant, or a polymor-
phic nucleic acid.

[0150] Theterms “p,-adrenergic receptor” polymorphisms
or “P;AR” polymorphisms, therefore, are terms of art and
refer to polymorphisms in the nucleic acid or amino acid
sequence of a [3,-adrenergic receptor gene or gene product.
For reference purposes only, GenBank Accession No. J03019
(Gly389) and AF169007 (Arg389) (both of which are herein
incorporated by reference) are examples of Gly- and Arg-389
forms of the f3;-adrenergic receptor gene sequence, respec-
tively.

[0151] Also, the terms “a., -adrenergic receptor” polymor-
phisms or “a, AR” polymorphisms, therefore, are terms of
art and refer to polymorphisms in the nucleic acid or amino
acid sequence of a o, -adrenergic receptor gene or gene prod-
uct. For reference purposes only, GenBank Accession No.
NMO00683 corresponds to wildtype (non-deletion) and
AF280400 corresponds to the deletion (both of which are
herein incorporated by reference).

[0152] For the purposes of identifying the location of a
polymorphism, the first nucleotide of the start codon of the
coding region (the adenine of the ATG in a DNA molecule and
the adenine of the AUG in an RNA molecule) of the ;AR
gene or o, ~AR is considered nucleotide “1” and the numbers
progress according along the coding sequence. Similarly, the
first amino acid of the translated protein product (the
methionine) is considered amino acid “1.”

[0153] The teem “nucleic acid” is well known in the art. A
“nucleic acid” as used herein will generally refer to a mol-
ecule (i.e., a strand) of DNA or RNA comprising a nucleo-
base. A nucleobase includes, for example, a naturally occur-
ring purine or pyrimidine base found in DNA (e.g., an adenine
“A,” a guanine “G,” a thymine “IT” or a cytosine “C”) or RNA
(e.g.,an A, a G, anuracil “U” or a C). The term “nucleic acid”
encompass the terms “oligonucleotide” and “polynucle-
otide,” each as a subgenus of the tem). “nucleic acid.” The
term “oligonucleotide” refers to a molecule of between about
3 and about 100 nucleobases in length. The term “polynucle-
otide” refers to at least one molecule of greater than about 100
nucleobases in length. A “gene” refers to coding sequence of
a gene product, as well as introns and the promoter of the gene
product.

[0154] In some embodiments, nucleic acids of the inven-
tion comprise or are complementary to all or 5, 6, 7, 8, 9, 10,
11,12,13,14,15,16,17,18,19, 20,21, 22,23, 24, 25,26, 27,
28,29,30,31,32,33,34,35,36,37,38,39,40,41, 42,43, 44,
45,46,47,48,49,50,51,52, 53, 54,55, 56,57, 58, 59, 60, 61,
62, 63,64, 65,66,67,68,69,70,71,72,73,74,75,76,77,78,
79,80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,91, 92, 93,94, 95,
96, 97, 98, 99, 100, 110, 120, 130, 140, 150, 160, 170, 180,
190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420,
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430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540,
550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 650, 660,
670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770, 780,
790, 800, 810, 820, 830, 840, 850, 860, 870, 880, 890, 900,
910, 920, 930, 940, 950, 960, 970, 980, 990, 1000, 1100,
1165, 1200, 1300, 1400, 1500 or more contiguous nucle-
otides, or any range derivable therein, of the human PAR
c¢DNA sequence with either a cytosine or guanine at position
1165 in the cDNA sequence or of the o, AR cDNA sequence
with nucleotides 964-975 present or absent. One of skill in the
art knows how to design and use primers and probes for
hybridization and amplification, including the limits of
homology needed to implement primers and probes.

[0155] These definitions generally refer to a single-
stranded molecule, but in specific embodiments will also
encompass an additional strand that is partially, substantially
or fully complementary to the single-stranded molecule.
Thus, a nucleic acid may encompass a double-stranded mol-
ecule or a triple-stranded molecule that comprises one or
more complementary strand(s) or “complement(s)” of a par-
ticular sequence comprising a molecule. As used herein, a
single stranded nucleic acid may be denoted by the prefix
“ss”, a double stranded nucleic acid by the prefix “ds”, and a
triple stranded nucleic acid by the prefix “ts.”

[0156] In particular aspects, a nucleic acid encodes a pro-
tein, polypeptide, or peptide. In certain embodiments, the
present invention concerns novel compositions comprising at
least one proteinaceous molecule. As used herein, a “pro-
teinaceous molecule,” “proteinaceous composition,” “pro-
teinaceous compound,” “proteinaceous chain,” or “proteina-
ceous material” generally refers, but is not limited to, a
protein of greater than about 200 amino acids or the full
length endogenous sequence translated from a gene; a
polypeptide of greater than about 100 amino acids; and/or a
peptide of from about 3 to about 100 amino acids. All the
“proteinaceous” terms described above may be used inter-
changeably herein.

[0157] 1. Preparation of Nucleic Acids

[0158] A nucleic acid may be made by any technique
known to one of ordinary skill in the art, such as for example,
chemical synthesis, enzymatic production or biological pro-
duction. Non-limiting examples of a synthetic nucleic acid
(e.g., a synthetic oligonucleotide), include a nucleic acid
made by in vitro chemical synthesis using phosphotriester,
phosphite or phosphoramidite chemistry and solid phase
techniques such as described in European Patent 266,032,
incorporated herein by reference, or via deoxynucleoside
H-phosphonate intermediates as described by Froehler et al.,
1986 and U.S. Pat. No. 5,705,629, each incorporated herein
by reference. In the methods of the present invention, one or
more oligonucleotide may be used. Various different mecha-
nisms of oligonucleotide synthesis have been disclosed in for
example, U.S. Pat. Nos. 4,659,774, 4,816,571, 5,141,813,
5,264,566, 4,959,463, 5,428,148, 5,554,744, 5,574,146,
5,602,244, each of which is incorporated herein by reference.
[0159] A non-limiting example of an enzymatically pro-
duced nucleic acid include one produced by enzymes in
amplification reactions such as PCR™ (see for example, U.S.
Pat. No. 4,683,202 and U.S. Pat. No. 4,682,195, each incor-
porated herein by reference), or the synthesis of an oligo-
nucleotide described in U.S. Pat. No. 5,645,897, incorporated
herein by reference. A non-limiting example of a biologically
produced nucleic acid includes a recombinant nucleic acid
produced (i.e., replicated) in a living cell, such as a recombi-
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nant DNA vector replicated in bacteria (see for example,
Sambrook et al. 2001, incorporated herein by reference).
[0160] 2. Purification of Nucleic Acids
[0161] A nucleic acid may be purified on polyacrylamide
gels, cesium chloride centrifugation gradients, chromatogra-
phy columns or by any other means known to one of ordinary
skill in the art (see for example, Sambrook et al., 2001, incor-
porated herein by reference). In some aspects, a nucleic acid
is a pharmacologically acceptable nucleic acid. Pharmaco-
logically acceptable compositions are known to those of skill
in the art, and are described herein.
[0162] In certain aspects, the present invention concerns a
nucleic acid that is an isolated nucleic acid. As used herein,
the term “isolated nucleic acid” refers to a nucleic acid mol-
ecule (e.g., an RNA or DNA molecule) that has been isolated
free of or is otherwise free of, the bulk of the total genomic
and transcribed nucleic acids of one or more cells. In certain
embodiments, “isolated nucleic acid” refers to a nucleic acid
that has been isolated free of, or is otherwise free of, bulk of
cellular components or in vitro reaction components such as
for example, macromolecules such as lipids or proteins, small
biological molecules, and the like.
[0163] 3. Nucleic Acid Segments
[0164] Incertain embodiments, the nucleic acid is a nucleic
acid segment. As used herein, the term “nucleic acid seg-
ment,” are fragments of a nucleic acid, such as, for a non-
limiting example, those that encode only part of a ; AR gene
locus or a ;AR gene sequence, or part of the a, AR gene
locus or gene sequence. Thus, a “nucleic acid segment” may
comprise any part of a gene sequence, including from about 2
nucleotides to the full length gene including promoter regions
to the polyadenylation signal and any length that includes all
the coding region.
[0165] Various nucleic acid segments may be designed
based on a particular nucleic acid sequence, and may be of
any length. By assigning numeric values to a sequence, for
example, the first residue is 1, the second residue is 2, etc., an
algorithm defining all nucleic acid segments can be created:
[0166] nton+y
wheren is an integer from 1 to the last number of the sequence
and y is the length of the nucleic acid segment minus one,
where n+y does not exceed the last number of the sequence.
Thus, for a 10-mer, the nucleic acid segments correspond to
bases 1t0 10,2t0 11,3to 12 ... and so on. For a 15-mer, the
nucleic acid segments correspond to bases 1to 15, 2to 16,3
to 17 . . . and so on. For a 20-mer, the nucleic segments
correspond to bases 1t020,2t021,3t022...andsoon. In
certain embodiments, the nucleic acid segment may be a
probe or primer. As used herein, a “probe” generally refers to
a nucleic acid used in a detection method or composition. As
used herein, a “primer” generally refers to a nucleic acid used
in an extension or amplification method or composition.
[0167] 4. Nucleic Acid Complements
[0168] The present invention also encompasses a nucleic
acid that is complementary to a nucleic acid. A nucleic acid is
“complement(s)” or is “complementary” to another nucleic
acid when it is capable of base-pairing with another nucleic
acid according to the standard Watson-Crick, Hoogsteen or
reverse Hoogsteen binding complementarity rules. As used
herein “another nucleic acid” may refer to a separate mol-
ecule or a spatial separated sequence of the same molecule. In
preferred embodiments, a complement is a hybridization
probe or amplification primer for the detection of a nucleic
acid polymorphism.
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[0169] As used herein, the term “complementary” or
“complement” also refers to a nucleic acid comprising a
sequence of consecutive nucleobases or semiconsecutive
nucleobases (e.g., one or more nucleobase moieties are not
present in the molecule) capable of hybridizing to another
nucleic acid strand or duplex even if less than all the nucleo-
bases do not base pair with a counterpart nucleobase. How-
ever, in some diagnostic or detection embodiments, com-
pletely complementary nucleic acids are preferred.

[0170]

[0171] Genotyping was performed using methods exactly
as previously described in Small et al., (2002), which is incor-
porated herein by reference. It will be understood by the
skilled artisan that other standard techniques are available for
genotyping and any technique may be used with the present
invention. General methods of nucleic acid detection meth-
ods are provided below, followed by specific examples
employed for the identification of polymorphisms, including
single nucleotide polymorphisms (SNPs).

[0172] The particular genotyping method used to deter-
mine the genotype of an individual in need of a -blocker
therapy is not part of the present invention, but in short
involves isolating from the individual a nucleic acid mixture
comprising the two copies of the §; AR gene, or a fragment
thereof, that are present in the individual, and determining the
identity of the nucleotide pair at position 1165 in the §; AR or
determining whether there is a deletion of nucleotides 964-
975 in the o, AR gene. Preferred polymorphisms and poly-
morphic sites in a gene for a ;AR and a, AR include the
following in Table 1:

5. Nucleic Acid Detection and Evaluation

TABLE 1
Nucleotide Amino Acid
Position  Nucleotide Position  Amino Acid Designations
Bi-Adrenergic Receptor Polymorphism
1165 GorC 389 Gly or Arg  Gly389,
Arg389
a,-Adrenergic Receptor Polymorphism
964-975  deletion 322-325  deletion a,,Del322-325
[0173] These polymorphisms in have been previously

reported. Wild-type ;AR nucleotide sequences generally
comprise a guanine at nucleotide 1165. Wild-type 3, AR pro-
tein sequences generally comprise a glycine at amino acid
389. What is considered wild-type o, AR nucleotide
sequences generally mean there is no deletion of nucleotides
964-975 and therefore no deletion of amino acids 322-325.

[0174] Those in the art will readily recognize that nucleic
acid molecules may be double-stranded molecules and that
reference to a particular site on one strand refers, as well, to
the corresponding site on a complementary strand. Thus, in
defining a polymorphic site, reference to an adenine, a thym-
ine (uridine), a cytosine, or a guanine at a particular site on the
plus (sense or coding) strand of a nucleic acid molecule is also
intended to include the thymine (uridine), adenine, guanine,
orcytosine (respectively) at the corresponding site on a minus
(antisense or noncoding) strand of a complementary strand of
a nucleic acid molecule. Thus, reference may be made to
either strand and still comprise the same polymorphic site and
an oligonucleotide may be designed to hybridize to either
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strand. Throughout the text, in identifying a polymorphic site,
reference is made to the sense strand, only for the purpose of
convenience.

[0175] Typically, the nucleic acid mixture is isolated from a
biological sample taken from the individual, such as a blood
sample or tissue sample using standard techniques such as
disclosed in Jones (1963) which is hereby incorporated by
reference. Suitable tissue samples include whole blood,
semen saliva, tears, urine, fecal material, sweat, buccal, skin
and hair. The nucleic acid mixture may be comprised of
genomic DNA, mRNA, or cDNA and, in the latter two cases,
the biological sample must be obtained from an organ in
which the ;AR gene is expressed. Furthermore it will be
understood by the skilled artisan that mRNA or cDNA prepa-
rations would not be used to detec