04/069867 A2 I TR . R RO OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

19 August 2004 (19.08.2004)

(10) International Publication Number

WO 2004/069867 A2

(51) International Patent Classification’: CO07K 14/47,
C12Q 1/68, A61K 38/17
(21) International Application Number:
PCT/EP2004/000884

(22) International Filing Date: 31 January 2004 (31.01.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
03002305.5
03002184.4

3 February 2003 (03.02.2003)
4 February 2003 (04.02.2003)

EP
EP

(71) Applicant (for all designated States except US): BAYER
HEALTHCARE AG [DE/DE]; 51368 Leverkusen (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): STROPP, Udo
[DE/DE]; Suitbertusweg 8, 42781 Haan (DE). SCHW-
ERS, Stephan [DE/DE]; Diisseldorferstr. 35, 51145 Kdln
(DE). KALLABIS, Harald [DE/DE]; Wolfskaul 8, 51061
Kéln (DE). SCHMITZ, Gerd [DE/DE]; Turmstr. 15a,
93161 Sinzing (DE).

(74) Common Representative: BAYER HEALTHCARE
AG; Law and Patents, Patents and Licensing, 51368
Leverkusen (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: GENETIC POLYMORPHISMS AS PREDICTIVE DIAGNOSTICS FOR ADVERSE DRUG REACTIONS (ADR)

AND DRUG EFFICACY

& (57) Abstract: The invention provides diagnostic methods and kits including oligo and/or polynucleotides or derivatives, including
as well antibodies determining whether a human subject is at risk of getting adverse drug reaction after statin therapy or whether
the human subject is a high or low responder or a good a or bad metabolizer of statins. The invention provides further diagnostic
methods and kits including antibodies determining whether a human subject is at risk for a cardiovascular disease. Still further the

e
=

invention provides polymorphic sequences and other genes.



10

15

20

25

WO 2004/069867 PCT/EP2004/000884

-1-

Genetic Polymorphisms as Predictive Diagnostics for Adverse Drug Re:ic_tions
(ADR) and Drug Efficacy

' Technical Field

This invention relates to genetic polymorphisms useful for assessing the response to
lipid lowering drug therapy and adverse drug reactions .of those medicaments. In
addition it relates to genetic polymorphisms useful for aséessing cardiovascular risks
in humans, including, but not limited to, atherosclerosis, ischemia/reperfusion, hyper-
tension, restenosis, arterial inflammation, myocardial infarction, and stroke. Specifi-
cally, the present invention identifies and describes gene variations which are indi-
vidually present in humans with cardiovascular disease states, relative to humans
with normal, or non-cardiovascular disease states, and/or in response to medications
relevant to cardiovascular disease. Further, the present invention provides methods
for the identification and therapeutic use of compounds as ﬁeaﬁnent§ of cardiovas-
cular disease or as prophylactic therapy for cardiovascular diseases. Moreover, the

present invention provides methods for the diagnostic monitoring of patients under-

‘going clinical evaluation for the treatment of cardiovascular disease, and for moni-

toring the efficacy of compounds in clinical trials. Still further, the present invention

provides methods to use gene variations to predict personal medication schemes

.omitting adverse drug reactions and allowing an adjustment of the drug dose to

achieve maximum benefit for the patient. Additionally, the present invention

- describes methods for the diagnostic evaluation and prognosis of various cardio-

vascular diseases, and for the identification of subjects exhibiting a predisposition to

such conditions.
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Background of the Invention
Cardiovascular disease is a major health risk throughout the industrialized world.

Cardiovascular diseases include but are not limited by the following disorders of the
heart and the vascular system: congestive heart failure, myocardial infarction,
atherosclerosis, ischemic diseases of the heart, coronary heart disease, all kinds of
atrial and ventricular arthythmias, hypertensive vascular diseases and . peripheral

vascular diseases.

Heart failure is defined as a pathophysiologic state in which an abnormality of
cardiac function is responsible for the failure of the heart to pump blood at a rate

commensurate with the requirement of the metabolizing tissue. It includes all forms

_ of pumping failure such as high-output and low-output, acute and chronic, right-

sided or left-sided, systolic or diastolic, independent of the underlying cause.

Myocardial infarction (MI) is generally caused by an abrupt decrease in coronary
blood flow that follows a thrombotic occlusion of a coronary artery previously
narrowed by arteriosclerosis. MI prophylaxis (primary and secondary prevention) is

included as well as the acute treatment of MI and the prevention of complications.

Ischemic diseases are conditions in which the coronary flow is restricted resulting in
an perfusion which is inadequate to meet the myocardial requirement for oxygen.
This group of diseases include stable angina, unstable angina and asymptomatic

ischemia. .

Arrhythmias include all forms of atrial and ventricular tachyarrhythmias (atrial
tachycardia, atrial flutter, atrial fibrillation, atrio-ventricular reentrant tachycardia,
preexitation syndrome, ventricular tachycardia, ventricular flutter, ventricular fibril-

lation) as well as bradycardic forms of arrhythmias.
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Hypertensive vascular diseases include primary as well as all kinds of secondary arte-

rial hypertension (renal, endocrine, neurogenic, others).

Peripheral vascular diseases are defined as vascular diseases in which arterial and/or
venous flow is reduced resulting in an imbalance between blood supply and tissue
oxygen demand. It includes chronic peripheral arterial occlusive disease (PAOD),

acute arterial thrombosis and embolism, inflammatory vascular disorders, Raynaud’s

phenomenon and venous disorders.

Atherosclerosis, the most prevalent of vascular diseases, is the principal cause of
heart attack, stroke, and gangrene of the extremities, and thereby the principal cause
of death. Atherosclerosis is a complex disease involving many cell types and
molecular factors (for a detailed review, see Ross, 1993, Nature 362: 801-809 and
Lusis, A. J., Nature 407, 233-241 (2000)). The process, in normal circumstances a
protective response to insults to the endothelium and smooth muscle cells (SMCs) of
the wall of the artery, consists of the formation of fibrofatty and fibrous lesions or
plaques, preceded and accompanied by inflammation. The advanced lesions of

atherosclerosis may occlude the artery concerned, and result from an excessive

- inflammatory-fibroproliferative response to numerous different forms of insult. For

example, shear stresses are thought to be responsible for the frequent occurrence of
atherosclerotic plaques in regions of the circulatory system where turbulent blood

flow occurs, such as branch points and irregular structures.

The first observable event in the formation of an atherosclerotic plaque occurs when
blood-borne monocytes adhere to the vascular endothelial layer and transmigrate
through to the sub-endothelial space. Adjacent endothelial cells at the same time pro-
duce oxidized low density lipoprotein (LDL). These oxidized LDLs are then taken up
in large amountsby the monocytes through scavenger receptors expressed on their
surfaces. In contrast to the regulated pathway by which native LDL (nLDL) is taken
up by nLDL specific receptors, the scavenger pathway of uptake is not regulated by

the monocytes.
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These lipid-ﬁlléd monocytes are called foam cells, and are the major constituent of
the fatty streak. Interactions between foam cells and the endothelial and SMCs which
surround them lead to a state of chronic local inflammation which can eventually
lead to smooth muscle cell proliferation and migration, and the formation of a fibrous

plaque. Such plaques occlude the blood vessel concerned and thus restrict the flow of |

blood, resulting in ischemia. '

Ischemia is a condition characterized by a lack of oxygen supply in tissues of organs
due to inadequate perfusion. Such inadequaté perfusion can have number of natural
causes, including atherosclerotic or restenotic lesions, anemia, or stroke, to name a
few. Many medical interventions, such as the interruption of the flow of blood during
bypass surgery, for examplé, also lead to ischemia. In addition to sometimes being
caused by diseased cardiovascular tissue, ischemia may sometimes affect cardiovas-
cular tissue, such as in ischemic heart disease. Ischemia may occur in any organ,

however, that is suffering a lack of oxygen supply.

The most common cause of ischemia in the heart is atherosclerotic disease of epicar-
dial coronary arteries. By reducing the lumen of these vessels, atherosclerosis causes
an absolute decrease in myocardial perfusion in the basal state or limifs appropriate
increases in perfusion when the demand fof flow is augmeﬁted. Coronary blood flow
can also be limited by arterial thiombi, spasm, and, rarely, coronary emboli, as well
as by -ostial narrowing due to luetic aortitis. Congénital abnormalities, such as
anomalous origin of the left anterior descending coronary artery from the pulmonary
artery, may cause .mybcardial ischemia and infarction in infancy, but this cause is
very rare in adults. Myocardial ischemia can also occur if myocardial oxygen
demands are abnormally increased, as in severe ventricular hypertrophy due to hyper-
tension or aortic stenosis. The latter can be present with angina that is indistinguish-
able from that caused by coronary atherosclerosis. A reduction in the oxygen-
carrying capacity of the blood, as in extremely severe anemia or in the presence of

carboxy-hemoglobin, is a rare cause of myocardial ischemia. Not infrequently, two
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or more causes of ischemia will coexist, such as an increase in oxygen demand due to
left ventricular hypertrophy and a reduction in oxygen supply secondary to coronary

atherosclerosis.

The foregoing studies are aimed at defining the role of particular gene variations
presumed to be mvolved in the misleading of normal cellular function leading to
cardiovascular disease. However, such approaches cannot identify the full panoply of

gene variations that are involved in the disease process.

At present, the only available treatments for cardiovascular disorders are pharma-
ceutical based medications that are not targeted to an individual‘s actual defect;
examples include angiotensin conyerting enzyme (ACE) inhibitors and diuretics for
hypertension, insulin supplementation for non—insulin dependent diabetes mellitué
(NIDDM), cholesterol reduction strategies for dyslipidaemia, anticoagulants, 3
blockers for cardiovascular disorders and weight reduction strategies for obesity. If
targeted treatment ‘strategies were available it might be possible to predict the
response to a particular regime of therapy and could markedly increase the effective-
ness of such treatment. Although targeted therapy réquires accurate diagnostic tests
for disease susceptibility, once these tests are developed the opportunity to utilize

targeted therapy will become Widéspread. Such diagnostic tests could initially serve

10 identify individuals at most risk of hypertension and could allow them to make

changes in lifestyle or diet that would serve as preventative measures. The benefits
associated by coupling the diagnostic tests with a system of targeted therapy could
include the reduction in dosage of administered drugs and thus the amount of
unpleasant side effects suffered by an individual. In more severe cases a diagnostic
test may suggest that earlier surgical intervention would be useful in preventing a

further deterioration in condition.

It is an object of the invention to provide genetic diagnosis of predisposition or sus-

ceptibility for cardiovascular diseases. Another related object is to provide treatment
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to reduce or prevent or delay the onset of disease in those predisposed or susceptible

to this disease. A further object is to provide means for carrying out this diagnosis.

Accordingly, a first aspect of the invention provides a method of diagnosis of disease
in an individual, said method comprising determining one, various or all genotypes

in said individual of the genes listed in the Examples.

In another aspect, the invention provides a method of identifying an individual pre-
disposed or susceptible to a disease, said method comprising determining one,

various or all genotypes in said individual of the genes listed in the Examples.

The invention is of advantage in that it enables diagnosis of a disease or of certain
disease states via genetic analysis which can yield useable results before onset of
disease symptoms, or before onset of severe symptoms. The invention is further of
advantage in that it enables diagnosis of predispositiorf or susceptibility to a disease

or of certain disease states via genetic analysis.

The invention may also be of use in confirming or corroborating the results of other
diagnostic methods. The diagnosis of the invention may thus suitably be used either
as an isolated technique or in combination with other methods and apparatus for
diagndsis, in which latter case the invention provides a further test on which a

diagnosis may be assessed.

The present invention stems from using allelic association as a method for géﬁotyp-
ing individuals; allowing the investigation of the molecular genetic basis for cardio-
vascular diseases. In a specific embodiment the invention tests for the polymor--
phisms in the sequences of the listed genes in the Examples. The invention demon-
strates a link between this polymorphisms and predispositions to cardiovascular dis-
eases by showing that allele frequencies significantly differ when individuals with
“bad” serum lipids are compared to individuals with “good” serum levels. The

meaning of “good and bad” serum lipid levels is defined in Table 1a.
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Certain disease states would benefit, that is to say the suffering of the patient may be
reduced or prevented or delayed, by administration of treatment or therapy in
advance of disease appearance; this can be more reliably.carried out if advance

diagnosis of predisposition or susceptibility to disease can be diagnosed.
Pharmacogenomics and adverse drug reactions

Adverse drug reactions (ADRs) remain a major clinical problem. A recent meta-
analysis suggested that in the USA in 1994, ADRs were responsible for 100 000
deaths, making them between the fourth and sixth commonest cause of death
(Lazarou 1998, J. Am. Med. Assoc. 279:1200). Although these figures have been
hea\;ily criticized, they emphasize the importance of ADRs. Indeed, there is good
evidence that ADRs account for 5% of all hospital admissioﬁs and increase the length
of stay in hospital by two days at an increased cost of ~$2500 per patient. ADRs are
also one of the commonest causes of drug withdrawal, which has enormous financial
implications for the pharmaceutical industry. ADRs, perhaps fortunately, only affect
a minority of those taking a particular drug. Although factors that determine suscep-
tibility are unclear in most cases, there ig increasing interest in the role of genetic
factors. Indeed, the role of inheritable variations in predisposing patients to.ADRs
has been appreciated since the late 1950s and early 1960s through the discovery of
deficiencies in enzymes such as pseudocholinesterase (butyrylcholinesterase) and
glucose-6-phosphate dehydrogenase (G6PD). More recently, with the first draft of
the human genome just completed, there has been renewed interest in this area with

the introduction of terms such as pharmacogenomics and toxicogenomics . Essen-

- tially, the aim of pharmacogenomics and pharmacogenetics is to produce personal-

ized medicines, whereby administration of the drug class and dosage is tailored to an
individual genotype. Thus, the term pharmacogenetics embraces both efficacy and

toxicity.
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The 3—hydroxy—3i-methy1glutaryl coenzymé A (HMG-CoA) reductase inhibitors
("statins") specifically inhibit the enzyme HMG-CoA reductase which catalyzes the
rate limiting step in cholesterol biosynthesis. These drugs are effective in reducing
the primary and secondary risk of coronary artery disease and coronary events, such
as heart attack, in middle-aged and older men and women, in both diabetic and non-
diabetic patients, and are often prescribed for patients with hyperlipidemia. Statins
used in secondary prevention of coronary artery or heart disease significantly reduce
the risk of stroke, total mortality and morbidity and attacks of myocardial ischemia;
the use of statins is also associated with improvements in endothelial and fibrinolytic

functions and decreased platelet thrombus formation.

The tolerability of these drugs during long term administration is an important issue.
Adverse reactions involving skeletal muscle are not uncommon, and sometimes
serious adverse reactions involving skeletal muscle such as myopathy and
rhabdomyolysis may occur, requiring discontinuation of the drug. In addition an
increase in serum creatine kinase (CK) may be a sign of a statin related adverse
event. The extend of such adverse events can be read from the extend of the CK level

increase (as compared to the upper limit of normal [ULNY).

Occasionally arthralgia, alone or in association with myalgia, has been reported. Also

an elevation of liver transaminases has been associated with statin administration.

It was shown that the drug response to statin therapy is a class effects, i.e. all known

and presumably also all so far undiscovered statins share the same benefical and

harmful effects (Ucar, M. et al., Drug Safety 2000, 22:441). It follows that the
discovery of diagnostic tools to predict the drug response to a single statin will also

be of aid to guide therapy with other statins.

The present invention provides diagnostic tests to predict the patient's individual
response to statin therapy. Such responses include, but are not limited by the extent

of adverse drug reactions, the level of lipid lowering or the drug's influence on
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disease states. Those diagnostic tests may predict the response to statin therépy either

alone or in combination with another diagnostic test or another drug regimen.
Detailed Description of the Invention

The present invention is based at least in part on the discovery that a specific allele of
a polymorphic region of a so called "candidate gene" (as defined below) is associated

with CVD or drug response.

For the present invention the following candidate genes were analyzed:
- Genes found to be expressed in cardiac tissue (Hwang et al., Circulation 1997,

96:4146-4203).

- Genes from the following metabolic pathways and their regulatory elements:
Lipid metabolism

Numerous studies have shown a connection between serum lipid levels and cardio-
vascular diseases. Candidate genes falling into this group include but are not limited
by genes of the cholesterol pathway, apolipoproteins and their modifiying factors.

Coagulation

Ischemic diseases of the heart and in particular myocardial infarction may be caused

by a thrombotic occlusion. Genes falling into this group include all genes of the

| coagulation cascade and their regulatory elements.

Inflammation

Complications of atherosclerosis are the most common causes of death in Western
societies. In broad outline atherosclerosis can be considered to be a form of chronic

inflammation resulting from interaction modified lipoproteins, monocyte-derived
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macrophages,T cells, and the‘ normal cellular elements of the arterial wall. This
inflammatory process can ultimately lead to the development of complex lesions, or
plaques, that protrude into the arterial lumen. Finally plaque rupture and thrombosis
result in the acute clinical complications of myocardial infarction and stroke (Glass et

al., Cell 2001, 104:503-516).

It follows that all genes related to inflammatory processes, including but not limited

- by cytokines, cytokine receptors and cell adhesion molecules are candidate genes for

CVD.
Glucose and energy metabolism

As glucose and energy metabolism is interdependent with the metabolism’ of lipids
(see above) also the former pathways contain candidate genes. Energy metabolism in
general also relates to obesity, which is an independent risk factor for CVD
(Melanson et al., Cardiol Rev 2001 9:202-207). In addition high blood glucose levels
are associated with many microvascular and macrovascular.complications and may
therefore affect an individuals disposition to CVD (Duckworth, Curr Atheroscler Rep |
2001, 3:383-391).

Hypertension

As hypertension is an independent risk factor for CVD, also genes that are involved
in the regulation of systolic and diastolic blood pressure affect an individuals risk for
CVD (Safar, Curr Opin Cardiol 2000, 15:258-263). Interestingly hypertension and
diabetes (see above) appear to be interdependenf, since hypertension is approxi-
mately twice as frequent in patients with diabetes compared with patients without the
disease. Conversely, recent data suggest that hypertensive persons are more predis-
posed to the development of diabetes than are normotensive persons (Sowers et al.,
Hypertension 2001, 37:1053-1059).
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Genes related to drug response

Those genes include metabolic pathways involved in the absorption, distribution,
metabolism, excretion and toxicity (ADMET) of drugs. Prominent members of this
group are the cytochrome P450 proteins which catalyze many reactions involved in

drug metabolism.
Unclassified genes

As stated above, the mechanisms that lead to cardiovascular diseases or define the
patient's individual response to drugs are not completely elucidated, Hence also.
candidate genes were analysed, which could not be assigned to the above listed

categories. The present invention is based at least in part on the discovery of

. polymorphisms, that lie in genomic regions of unknown physiological function.

Results

After conducting an association study, we surprisingly found polymorphic sites in a
number of candidate genes which show a ‘strong correlation with the following
phenotypes of the patients analysed: "Healthy" as used herein refers to individuals
that neither suffer from existing CVD, nor exhibit an increased risk for CVD through
their serum lipid level profile. "CVD prone" as used herein refers to individuals with
existing CVD and/or a serum lipid profile that confers a high risk to ge"t CVD (see
Table la for definitions. of healthy and CVD prone serum lipid levels). "High
responder” as used herein refers to patients who benefit from relatively small
amounts of a given drug. "Low responder” as used herein refers to patients who need
relatively high doses in order to obtain benefit from the medication. "Tolerant
patient" refers to individuals who can tolerate high doses of a medicament AwithoutA
exhibiting adverse drug reactions. "ADR patient" as used herein refers to individuals

who suffer from ADR or show clinical symptoms (like creatine kinase elevation in
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blood) even after receiving only minor doses of a medicament (see Table 1b for a

detailed definition of drug response phenotypes).

Polymorphic sites in candidate genes that were found to be significantly associated
with either of the above mentioned phenotypes will be referred to as "phenotype as-
sociated SNPs" (PA SNPs). The respective genomic loci that harbour PA SNPs will
be referred to as "phenotype associated genes" (PA genes), irrespective of the actual

function of this gene locus.

As PA SNPs are linked to other SNPs in neighboring genes on a chromosome (Link-
age Disequilibrium) those SNPs could also be used as marker SNPs. In a recent pub-
lication it was shown that SNPs are linked over 100 kb in some cases more than
150 kb (Reich D.E. et al. Nature 411, 199-204, 2001). Hence SNPs lying in regions
neighbouring PA SNPs could be linked to the latter and by this being a diagnostic
marker. These associations could be performed as described for the gene polymor-

phism in methods.

Definitions
For convenience, the meaning of certain terms and phrases employed in the specifi-
cation, examples, and appended claims are provided below. Moreover, the definitions

by itself are intended to explain a further background of the invention.

The term "allele", which is used interchangeably herein with "allelic variant" refers
to alternative forms of a geﬁe or portions thereof. Alleles occupy the same locus or
position on homologous chromosomes. When a subject has two identical alleles of a
gene, the subject is said to be homozygous for the gene or allele. When a subject has
two different alleles of a gene, the subject is said to be heterozygous for the gene.
Alleles of a specific gene can differ from each other in a single nucleotide, or several
nucleotides, and can include substitutions, deletions, and insertions of nucleotides.

An allele of a gene can also be a form of a gene containing a mutation.
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The term "allelic variant of a polymorphic region of a gene" refers to a region of a
gene having one of several nucleotide sequences found in that region of the gene in

other individuals.

"Homology" or "identity" or "similarity" refers to sequence similarity between two
peptides or between two nucleic acid molecules. Homology can be determined by
comparing a position in each sequence which may be aligned for purposes of com-
parison. When a position in the compared sequence is occupied by the same base or
amino acid, then the molecules are homologous at that position. A degree of homol-
ogy between sequences is a function of the number of ma‘gphing or homologous posi-

tions shared by the sequences. An "unrelated" or "non-homologous" sequence shares

less than 40% identity, though preferably less than 25% identity, with one of the

sequences of the present invention.

The term "a homologue of a nucleic acid" refers to a nucleic acid having a nucleotide
sequence having a certain degree of homology with the nucleotide sequence of the
nucleic acid or complement thereof. A homologue of a double stranded nucleic acid
ilaving SEQ ID NO. X is intended to include nucleic acids having a nucleotide se-
quence which has a certain degree of homology with SEQ ID NO. X or with the
complement thereof. Preferred homologous of nucleic acids are capable of hybridiz-

ing to the nucleic acid or complement thereof.

The term "interact" as used herein is meant to include detectable interactions between

molecules, such as can be detected using, for example, a hybridization assay.

The term interact is also meant to include "binding" interactions between molecules.
Interactions may be, for example, protein-protein, protein-nucleic acid, protein-small

molecule or small molecule-nucleic acid in nature.
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The term "intronic.sequence” or "intronic nucleotide sequence" refers to the nucleo-

tide sequence of an intron or portion thereof.

The term "isolated" as used herein with respect to nucleic acids, such as DNA or
RNA, refers to molecules separated from other DNAs or RNAs, respectively, that are
present in the natural source of the macromolecule. The term isolated as used herein
also refers to a nucleic acid or peptide that is substantially free of cellular material,
viral material, or culture medium when produced by.recombinant DNA techniques,

or chemical precursors or other chemicals when chemically synthesized.

Moreover, an "isolated nucleié acid" is meant to include nucleic acid fragments
which are not naturally occurring as fragments and would not be found in the natural
state. The term "isolated" is also used herein to refer to polypeptides which are iso-
lated from other cellular proteins and is meant to encompass both purified and re-

combinant pol};pepti&és.

Tﬁe term "lipid" shall refer to a fat or fat-like substance that is insolublé in polar
solvents such as water. The term "lipid" is intended to include true fats (e.g. esters of
fatty acids ‘and glycerol); lipids (phospholipids, cerebrosi‘des, lwaxes); sterols
(cholesterol, ergosterol) and lipoproteins (e.g. HDL, LDL and VLDL).

The term "locus" refers to a specific position in a chromosome. For example, a locus

of a gene refers to the chromosomal position of the gene.

The term "modulation" as used herein refers to both up-regulation, (i.e., activation or
stimulation), for example by agonizing, and down-regulation (i.e. inhibition or sup-

pression), for example by antagonizing of a bioactivity (e. g.' expression of a gene).

The term "molecular structure" of a gene or a portion thereof refers to the structure as

defined by the nucleotide content (including deletions, substitutions, additions of one
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or more nucleotides), the nucleotide sequence, the state of methylation, and/or any

other modification of the gene or portion thereof..

The term "mutated gene" refers to an allelic form of a gene, which is capable of al-
tering the phenotype of a subject having the mutated gene relative to a subject which
does not have the mutated gene. If a subject must be homozygous for this mutation to
have an altered phenotype, the mufation is said to be recessive. If one copy of the
mutated gene is sufficient to alter the genotype of the subject, the mutation is said to
be dominant. If a subject has one copy of the mutated gene and has a phenotype that
is intermediate between that of a homozygous and that of a heterdzygous (for that

gene) subject, the mutation is said to be co-dominant.

As used herein, the term "nucleic acid" refers to polynucleotides such as deoxyribo-
nucleic acid (DNA), and, where appropriate, ribonucleic acid (RNA). The term
should also be understood to include, as equivalents, derivatives, variants and
analogs of either RNA or DNA made from nucleotide analogs, including peptide

nucleic acids (PNA), morpholino oligonucleotides ‘(J. Summerton and D. Weller,

" Antisense and Nucleic Acid Drug Development 7:187 (1997)) and, as applicable to

the embodiment being described, single (sense or antisense) and double-stranded
polynucleotides. Deoxyribonucleotides include deoxyadenosine, deoxycytidine,
deoxyguanosine, and deoxythymidine. For purposes of clarity, when referring herein
to a nucleotide of a nucleic acid, which can be DNA or an RNA, the term
"adenosine", "cytidine", "guanosine", and "’thymidine" are used. It is understood that

if the nucleic acid is RNA, a nucleotide having a uracil base is uridine.

The term "nucleotide sequence complementary to the nucleotide sequence set forth in
SEQ ID NO. x" refers to the nucleotide sequence of the complementary strand of a
nucleic acid strand having SEQ ID NO. x. The term "complementary strand" is used
herein interchangeably with the term "complement". The complement of a nucleic
acid strand can be the complement of a coding strand or the complement of a non-

coding strand. When referring to double stranded nucleic acids, the complement of a



10

15

20

WO 2004/069867 PCT/EP2004/000884

-16 -

nucleic acid having SEQ ID NO. x refers to the complementary strand of the strand
héving SEQ ID NO. x or to any nucleic acid having the nucleotide sequence of the
complementary strand of SEQ ID Nd. x. When referring to a single stranded nucleic
acid having the nucleotide sequence SEQ ID NO. x, the complement of this nucleic -
acid is a nucleic acid having a nucleotide sequence which is complementary to that of
SEQ ID NO. x. The nucleotide sequences and complementary sequences thereof are
always given in the 5' to 3' direction. The term "complement" and "reverse comple-

ment" are used interchangeably herein.

The term "operably linked" is intended to mean that the promoter is associated with

the nucleic acid in such a manner as to facilitate transcription of the nucleic acid.

The term "polymorphism" refers to the coexistence of more than one form of a gene
or portion thereof. A portion of a gene of which there are at least two different forms,
i.e., two different nucleotide sequences, is referred to as a "polymorphic region of a
gene". A polymorphic region can be a single nucleotide, the identity of which differs

in different alleles. A polymorphic region can also be several nucleotides long.
A "polymorphic gene" refers to a gene having at least one polymorphic region.
To describe a “polymorphic site” in a nucleotide sequence often there is used an

“ambiguity code” that stands for the possible variations of nucleotides in one site.

The list of ambiguity codes is summarized in the following table:

Ambiguity Codes
(IUPAC Nomenclature)
B c/g/t
D a/g/t
H a/c/t
K g/t
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Ambiguity Codes
(JUPAC Nomenclature)
M alc
N alc/g/t
R alg
S clg
A% alcl/g
w a/t
Y c/t

So, for example, a “R” in a nucleotide sequence means that either an “a” or a “g”

could be at that position.

The terms "protein”, "polypeptide" and "peptide" are used interchangeably herein

when referring to a gene product.

A "regulatory element", also termed herein "regulatory sequence is intended to in-
clude elements which are capable of moduléting transcription from a basic promoter
and include elements such as enhancers and silencers. The term "enhancer", also
referred to herein as "enhancer element”, is intended to include regulatory elements
capable of increasing, stimulating, or enhancing transcription from a basic promoter.
The term "silencer", also referred to herein as "silencer element” is intended to in-
clude regulatory elements capable of decreasing, inhibiting, or repressing transcrip-
tion from a basic promoter. Régulatory elements are typically present in 5' flanking
regions of genes. However, regulatory elements have also been shown to be present
in other regions of a gene, in particular in introns. Thus, it is possible that genes have
regulatory elements located in introns, exons, coding regions, and 3' flanking se-
quences. Such regulatory elements are also intended to be encompassed by the pres-
ent invention and can be identified by any of the aésays that can be used to idéntify

regulatory elements in 5' flanking regions of genes.
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The term "regulatory element" further encompasses "tissue specific" regulatory ele-
inents, 1.e., regulatory elements which effect expression of the selected DNA se-
quence preferentially in specific cells (e.g., cells of a specific tissue). gene expression
occurs preferentially in a specific cell if expression in this cell type is significantly
higher than expression in other cell types. The term "regulatory element" also en-
compasses non-tissue specific regulatory elements, i.e., regulatory elements which -
are active in most cell types. Furthermore, a regulatory element can be a constitutive
regulatory element, i.e., a’ regulatory element which constitutively regulates
transcription, as opposed to a regulatory element which is inducible, i.e., a regulatory
element which is active primarily in response to a stimulus. A stimulus can be, e.g., a
molecule, such as a hormone, cytokine, heavy metal, phorbol ester, cyclic AMP

(cAMP), or retinoic acid.

Regulatory elements are typically bound by proteins, e.g., transcription factors. The
term "transcription factor" is intended to include proteins or modified forms thereof,
which interact preferentially with specific nucleic acid sequences, i.e., regulatory
elements, and which in appropriate conditions stimulate or repress transcription.
Some transcription factors are active when they are in the form of a monomer. Alter-

natively, other transcription factors are active in the form of a dimer consisting of

two identical proteins or different proteins (heterodimer). Modified forms of

transcription factors are intended to refer to transcription factors ‘having a post-
translational modification, such as the attachment of a phosphate group. The activity
of a transcription factor is frequently modulated by a post-translational modification.
For example, certain transcription factors are active only if they are phosphorylated
on specific residues. Alternatively, transcription factors can be active in the absence
of phosphorylated residues and become inactivated by phosphorylation. A list of
known transcription factors and their DNA binding site can be found, e.g., in public

databases, e.g., TFMATRIX Transcription Factor Binding Site Profile database.

As used herein, the term "specifically hybridizes" or "specifically detects" refers to

the ability of a nucleic acid molecule of the invention to hybridize to at least ap-
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proximately 6, 12, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130 or 140 consecu-

tive nucleotides of either strand of a gene.

The term "wild-type allele" refers to an allele of a gene which, when present in two
copies in a subject results in a wild-type phenotype. There can be several different
wild-type alleles of a speciﬁc gene, since certain nucleotide changes in a gene may
not affect the phenotype of a subject having two copies of the gene with the nu-

cleotide changes:

"Adverse drug reaction" (ADR) as used herein refers to an appreciably harmful or
unpleasant reaction, resulting from an intervention related to the use of a medicinal
product, which predicts hazard from future administration and warrants prevention or
specific treatment, or alteration of the dosage regimen, or withdrawal of the product.

In it’s most severe form an ADR might lead to the death of an individual.

The term "Drug Response" is intended to mean any response that a patient exhibits
upon drug administration. Specifically drug response includes beneficial, i.e. desired

drug effects, ADR or no detectable reaction at all. More specifically the term drug

. response could also have a qualitative meaning, i.e. it embraces low or high benefi-

cial effects, respectively and mild or severe ADR, respectively. The term "Statin
Response" as used herein refers to drug response after statin administration. An indi-
vidual drug response includes also a good or bad metabolizing of the drug, meaning
that “bad metal:;olizers” accumulate the drug in the body and by this could show side

effects of the drug due to accumulative overdoses.

"Candidate gene" as used herein includes genes that can be assigned to either normal
cardiovascular function or to metabolic pathways that are related to onset and/or pro-

gression of cardiovascular diseases.

With regard to drug response the term "candidate gene" includes genes that can be

assigned to distinct phenotypes regarding the patient's response to drug administra-
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tion. Those phenotypes may include patients who benefit from relatively small
amounts of a given drug (high responders) or patients who need relatively high doses
in order to obtain the same benefit (low responders). In addition those phenotypes
may include patients who can tolerate high doses of a medicament without exhibiting

ADR, or patients who suffer from ADR even after receiving only low doses of a me-

. dicament.

As neither the development of cardiovascular diseases nor the patient's response to
drug administration is completely understood, the term "candidate gene" may also

comprise genes with presently unknown function.

"PA SNP" (phenotype associated SNP) refers to a polymorphic site which shows a
significant association with a patients phenotype (healthy, diseased, low or high -
responder, drug tolerant, ADR prone, etc.)

"PA gene" (phenotype associated gene) refers to a genomic locus harbouring a PA

SNP, irrespective of the actual function of this gene locus.
PA gene polypeptide refers to a polypeptide encoded at least in part by a PA gene.

The term “Secondary SNP” is intended to mean a SNP that is in neighborhood to at
least one other (“primary””) SNP. Due to linkage disequillibrium both primary and

secondary SNP(s) might shown a similar association with a phenotype.

The term “Haplotype” as ﬁsed herein refers to a group of two dr more SNPs that are
functionally and/or spatially linked. Ie. haplotypes define groups of SNPs that lie
inside genes belonging to identical (or related metabolic) pathways and/or lie on the
same chromosome. Haplotypes are expected to give better predictive/diagnostic in-

formation than a single SNP
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The term “statin” is intended to embrace all inhibitors of the enzyme 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase. Statins specifically inhibit the
enzyme HMG-CoA reductase which cafalyzes the rate limiting step in cholesterol
biosynthesis. Known statins are Atorvastatin, Cerivastatin, Fluvastatin, Lovastatin,

Pravastatin and Simvastatin.
Methods for Assessing Cardiovascular Status

The present invention provides diagnostic methods for assessing cardiovascular
status in a human individual. Cardiovascular status as used herein refers to the
physioiogical status of an individual's cardiovascular system as reflected in one or
more markers or indicators. Status markers include without limitation clinical
measuréments such as, e.g., blood pressure, electrocardiographic profile, and differ-
entiated blood flow analysis as well as measurements of LDL- and HDL-Cholesterol
levels, other lipids and other well established clinical parameters that are standard in
the art. Status markers according to the invention include diagnoses of one or more
cardiovascular syndromes, such as, e.g., hypertension, acute myocardial infarction,
silent myocardial infarction, stroke, and atherosclerosis. It will be understood that a
diagnosis of a cardiovascular syndrome made by a medical practitioner encompasses
clinical measurements and medical judgement. Status markers according to the in-
vention are assessed using conventional methods well known in the art. Also in-
cluded in the evaluation of cardiovascular status are quantitative or qualitative
changes in status markers with time, such as would be used, e.g., in the determination

of an individual's response to a particular therapeutic regimen.
The methods are carried out by the steps of:
1) determining the sequence of one or more polymorphic positions within one,

several or all of the genes listed in Examples or other genes mentioned in this

file in the individual to establish a polymorphic pattern for the individual; and
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comparing the pblymorphic pattern established in (i) with the polymorphic
patterns of humaﬁs exhibiting different markers of cardiovascular status. The
polymorphic pattern of the individual is, preferably, highly similar and, most
preferably, identical to the polymorphic pattern of individuals \;vho exhibit
particular status markers, cardiovascular syndromes, and/or particular patterns
of response to therapeutic interventions. .Polymorphic patterns may also in-
clude polymorphic positions in other genes which are shown, in combination

with one or more polymorphic positions in the genes listed in the Examples,

to correlate with the presence of particular status markers. In one embodi-

ment, the method involves comparing an individual's polymorphic pattern
with polymorphic patterns of individuals who have been shown to respond
positively or negatively to a particular therapeutic regimen. Therapeutic regi-
men as used herein refers to treatments aimed at the elimination or ameliora-
tion of symptoms and events associated cardiovascular disease. Such treat-
ments include without limitation one or more of alteration in diet, lifestyle,
and exercise regimen; invasive and noninvasive surgical techniques such as
atherectomy, angioplasty, and coronary bypass surgery; and phérmaceutical
interventions, such as administration of ACE inhibitors, angiotensin II recep-
tof antagonists, diuretics, alpha-adrenoreceptor antagonists, cardiac gly-
cosides, phosphodiesterase inhibitors, beta-adrenoreceptor antagonists, cal-
cium channel blockers, HMG-CoA reductase inhibitors, imidazoline receptor
blockers, endothelin receptor blockers, organic nitrites, and modulators of
protein function of genes listed in the Examples. Interventions with pharma-
ceutical agents not yet known whose activity correlates with pérticular poly-
morphic patterns associated with cardiovascular disease are also encom-
passed. It is contemplated, for example, that patients who are candidates for a
particular therapeutic regimen will be screened for polymorphic patterns that

correlate with responsivity to that particular regimen.

In a preferred embodiment, the method involves comparing an individual's polymor-

phic pattern with polymorphic patterns of individuals who exhibit or have exhibited



10-

15

20

25

30

WO 2004/069867 PCT/EP2004/000884

-23-

one or more markers of cardiovascular disease, such as, e.g., elevated LDL-Choles-
terol levels, high blood pressure, abnormal electrocardiographic profile, myocardial

infarction, stroke, or atherosclerosis.

In another embodiement, the method involves comparing an individual's polymor-
phic pattern with polymorphic patterns of individuals who exhibit or have exhibited
one or more drug related phenotypes, such as, e.g., low or high drug response, or

adverse drug reactions.

In practicing the methods of the invention, an individual's polymorphic pattern can
be established by obtaining DNA from the individual and determining the sequence
at predetermined polymorphic positions in the genes such as those described in this
file.

The DNA may be obtained from any cell source. Non-limiting examples of cell
sources available in clinical practice include blood cells, buccal cells, cervicovaginal
cells, epithelial cells from urine, fetal cells, or any cells present in tissue obtained by
biopsy. Cells may also be obtained from body fluids, including without limitation
blood, saliva,‘sweat, urine, cerebrospinal fluid, feces, and tissue exudates at the site
of infection or inflammation. DNA is extracted from the cell source or body fluid
using any of the numeroiis methods that are standard in the art. It will be understood
that the particular method used to extract DNA will depend on the natﬁrc of the

source.
Diagnostic and Prognostic Assays

The present invention provides methods for determining the molecular structure of at
least one polymorphic region of a gene, specific allelic variants of said polymorphic
region being associated with cardiovascular disease. In one embodiment, determining
the molecular structure of a polymorphic region of a gene comprises determining the

identity of the allelic variant. A polyrhorphic region of a gene, of which specific al-
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leles are associated with cardiovascular disease can be located in an exon, an intron,

at an intron/exon border, or in the promoter of the gene.

The invention provides methods for determining whether a subject has, or is at risk,
of developing a cardiovascular disease. Such disorders can be associated with an
aberrant gene activity, e.g., abnormal binding to a form of a lipid, or an aberrant gene
protein level. An aberrant gene protein level can result from an aberrant transcription
or post-transcriptional regulation. Thus, allelic differences in specific regions of a
gene can result in differences of gene protein due to differences in regulation of
expression. In particular, some of the identified polymorphisms in the human gene
may be associated with differences in the level of transcription, RNA maturation,

splicing, or translation of the gene or transcription product.

In preferred embodiments, the methods of the invention can be characterized as com-
prising detecting, in a sample of cells from the subject, the presence or absence of a

specific allelic variant of one or more polymorphic regions of a gene. The allelic dif-

ferences can be: (i) a difference in the identity of at least one nucleotide or (ii) a dif-

ference in the number of nucleotides, which difference can be a single nucleotide or

several nucleotides.

A preferred detection method is allele specific hybridization using probes over-
lapping the polymorphic site and having about 5, 10, 20, 25, or 30 nucleotides around
the polymorphic region. Examples of probes for detecting specific allelic variants of
the polymorphic region located in intron X are probes comprising a nucleotide
sequence set forth in any of SEQ ID NO. X. In a preferred embodiment of the
invention, several probes capable of hybridizing specifically to allelic variants are
attached to a solid phase support, e.g., a "chip". Oligonucleotides can be bound to a
solid support by a variety of processes, including lithography. For example a chip
can hold up to 250,000 oligonucleotides (GeneChip, Affymetrix). Mutation detection
analysis using these chips comprising oligonucleotides, also termed "DNA probe

arrays" is described e.g., in Cronin et al. (1996) Human Mutation 7:244 and in Kozal
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et al. (1996) Nature Medicine 2:753. In one embodiment, a chip bomprises all the

allelic varjants of at least one polymorphic region of a gene. The solid phase‘suppdrt
is then contacted with a test nucleic acid and hybridization to the specific probes is
detected. Accordihgly, the identity of numerous allelic variants' of one or more genes
can be identified in a simple hybridization experiment. For example, the identity of

the allelic variant of the nucleotide polymorphism of nucleotide A or G at position 33

~of Seq ID 1 (baySNP179) and that of other possible polymorphic regions can be

determined in a single hybridization experiment.

In other detection methods, it is necessary to first amplify at least a portion of a gene
prior to identifying the allelic variant. Amplification can be performed, e.g., by PCR
and/or LCR; according to methods known in the art. In one embodiment, genomic
DNA of a ceil is exposed to two PCR primers and amplification for a number of cy-
cles sufficient to produce the required amount of amplified DNA. In preferred em-
bodiments, the primers are located between 40 and 350 base pairs apart. Preferred
primers for amplifying gene fragments of genes of this file are listed in Table 2 in
the Examples.

Alternative ampliﬁcation methods include: self sustained sequence replication
(Guatells, J. C. et al., 1990, Proc. Natl. Acad. Sci. U.S.A. 87:1874-1878), transcrip-
tional amplification system (Kwoh, D. Y. et al., 1989, Proc. Natl. Acad. Sci. U.S.A.
86:1173-1177), Q-Beta Replicase (Lizardi, P. M. et al., 1988, Bio/Technology
6:1197), or any other nucleic acid amplification method, followed by the detection of
the amplified molecules using techniques well known to those of skill in the art.
These detection schemes are especially useful for the detection of nucleic acid mole-

cules if such molecules are present in very low numbers.

In one embodiment, any of a variety of sequencing reactions known in the art can be
used to directly sequence at least a portion of a gene and detect allelic variants, e.g.,
mutations, by comparing the sequence of the sample sequence with the correspond-

ing wild-type (control) sequence, Exemplary sequencing reactions include those
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based on techniques developed by Maiam and Gilbert (Proc. Natl Acad Sci USA
(1977) 74:560) or Sanger (Sanger et al (1977) Proc. Nat. Acad. Sci 74:5463). It is
also contemplated that any of a variety of automated sequencing procedures may be
utilized when performing the subject assays (Biotechniques (1995) 19:448), includ-
ing sequencing by mass spectrometry (see, for example, U.S.‘Pat. No. 5,547,835 and
international patent application Publication Number WO 94/16101, entitled DNA
Sequencing by Mass Spectrometry by H. Koster; U.S. Pat. No. 5,547,835 and inter-
national patent application Publication Number WO 94/21822 entitled "DNA
Sequencing by Mass Spectrometry Via Exonuclease Degradation" by H. Koster), and
U.S. Pat. No. 5,605,798 and International Patent Application No. PCT/US96/03651
entitled DNA Diagnostics Based on Mass Spectrometry by H. Koster; Cohen et al.
(1996) Adv Chromatogr 36:127-162; and Griffin et al. (1993) Appl Biochem Bio-
technol 38:147-159). It will be evident to one skilled in the art that, for certain em-
bodiments, the occurrence of only one, two or three of the nucleic acid bases need be
determined in the sequencing reaction. For instance, A-track or the like, e.g., where

only one nucleotide is detected, can be carried out.

Yet _othér séquencing methods are disclosed, e.g., in U.S. Pat. No. 5,580,732 entitled
"Method of DNA sequencing employing a mixed DNA-polymer chain probe" and
U.S. Pat. No. 5,571,676 entitled "Method for mismatch-directed in vitro DNA

sequencing".

In some cases, the presence of a specific allele of a gene in DNA from a subject can

be shown by restriction enzyme analysis. For example, a specific nucleotide poly-

morphism can result in a nucleotide sequence comprising a restriction site which is

absent from the nucleotide sequence of another allelic variant.

In other embodiments, alterations in electrophoretic mobility is used to identify the
type of gene allelic variant. For example, single strand conformation polymorphism
(SSCP) may be used to detect differences in electrophoretic mobility between mutant

and wild type nucleic acids (Orita et al. (1989) Proc Natl. Acad. Sci USA 86:2766,
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see also Cotton (1993) Mutat Reé 285:125-144; and Hayashi (1992) Genet Anal Tech
Appl 9:73-79). Single—stranded DNA fragments of sample and control nucleic acids
are denatured and allowed to renature. The secondary structure of single-stranded
nucleic acids varies according to séquence, the resulting alteration in electrophoretic
mobility enables the detection of even a single base change. The DNA fragments
may be labeled or detected with labeled probes. The sensitivity of the assay may be
enhanced by using RNA (rather than DNA), in which the secondary structure is more

- sensitive to a change in sequence. In another preferred embodiment, the subject

method utilizes heteroduplex analysis to separate double stranded heteroduplex
molecules on the basis of changes in electrophoretic mobility (Keen et al. (1991)
Trends Genet 7:5).

In yet another embodiment, the identity of an allelic variant of a polymorphic region
is obtained by analyzing the movement of a nucleic acid compﬁsing the polymorphic
region in polyacrylamide gels containing a gradient of denaturant is assayed using
denaturing gradient gel electrophoresis (DGGE) (Myers et al- (1985) Nature
313:495). When DGGE is used as the method of analysis, DNA will be modified to
insure that it does not completely denature, for example by adding a GC clamp of
approximately 40 ‘bp of high-melting GC-rich DNA by PCR. In a further embodi-
ment, a temperature gradient is used in place of a denaturing agent gradient to
identify differences in the mobility of control and sample DNA (Rosenbaum and
Reissner (1987) Biophys Chem 265:1275).

| Examples of techniques for detecting differences of at least one nucleotide between 2

nucleic acids include, but are not limited to, selective oligonucleotide hybridization,
selective amplification, or selective primer extension. For example, oligonucleotide
probes may be prepared in which the known polymorphic nucleotide is placed
centrally (allele-specific probes) and then hybridized to target DNA under conditions
which permit hybridization only if a perfect match is found (Saiki et al. (1986)
Nature 324:163); Saiki et al (1989) Proc. Natl Acad. Sci USA 86:6230; and Wallace
et al. (1979) Nucl. Acids Res. 6:3543). Such allele specific oligpnucleotide
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hybridization techniques may be used for the simultaneous detection of several
nucleotide changes in different polymorphic regions of gene. For example,
oligonucleotides having nucleotide sequences of specific allelic variants are attached
to' a hybridizing membrane and this membrane is then hybridized with labeled
sample nucleic acid. Analysis of the hybridization signal will then reveal the identity

of the nucleotides of the sample nucleic acid.

Alternatively, allele specific amplification technology which depends on selective
PCR amplification may be used. Oligonucleotides used as primers for specific ampli-
fication may carry the allelic variant of interest in the center of the molecule (so that
amplification depends on differential hybridization) (Gibbs ét al (1989) Nucleic -
Acids Res. 17:2437-2448) or at the ‘extreme 3' end of one primer where, under ap-
propriate ‘ conditions, mismatch can prevent, or reduce polymerase ektension
(Prossner (1993) Tibtech 11:238; Newton et al. (1989) Nucl. Acids Res. 17:2503).
This technique is also termed "PROBE" for Probe Oligo Base Extension. In addition
it may be desirable to introduce a novel restriction site in the region of the mutation

to create cleavage-based detection (Gasparini et al (1992) Mol. Cell Probes 6:1).

In another embodiment, identification of the allelic variant is carried out using an
oligonucleotide ligation assay (OLA), as described, e.g., in U.S.‘Pat. No. 4,998,617
and in Landégreh, U. et al., Science 241:1077-1080 (1988). The OLA protocol uses
two oligonucleotides which are designed to be capable of hybridizing to abutting
sequences of a single strand of a target. One of the oligonucleotides is linked to a
separation marker, e.g,. biotinylated, and the other is detectably labeled. If the precise
complementary sequence is found in a target molecule, the oligonucieotides will
hybridize such that their termini abut, and create a ligation substrate. Ligation then
permits the labeled oligonucleotide to be recovered using avidin, or another biotin
ligand. Nickerson, D. A. et al. have described a nucleic acid detection assay that
combines attributes of PCR and OLA (Nickerson, D. A. et al., Proc. Natl. Acad. Sci.
(U.S.A.) 87:8923-8927 (1990). In this method, PCR is used to achieve the exponen-
tial amplification of target DNA, which is then detected using OLA.
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Several techniques based on this OLA method have been developed and can be used

to detect specific allelic variants of a polymorphic region of a gene. For example,
U.S. Pat. No. 5,593,826 discloses an OLA using an oligonucleotide having 3'-amino
group and a 5'-phosphorylated oligonucleotide to form a conjugate having a
phosphoramidate linkage. In another variation of OLA described in Tobe et al.
((1996)Nucleic Acids Res 24: 3728), OLA combined with PCR permits typing of
two alleles in a single microtiter well. By marking each of the allele-specific primers
with a unique hapten, i.e. digoxigenin and fluorescein, each LA reaction can be
detected by using hapten specific antibodies that are labeled with different enzyme .
reporters, alkaline phosphatase or horseradish peroxidase. This system permits the
detection of the two alleles using a high throughput format that leads to the

production of two different colors.

The invention further provides methods for detecting single nucleotide poly-
morphisms in a gene. Because single‘nucleotide polymorphisms constitute sites of
variation flanked by regions of invariant sequence, their analysis requires no more
than the determination of the idenﬁty of the single nucleotide present at the site of
variation and it is unnecessary to determine a complete gene sequence for each
patient. Several methods have been developed to facilitate the analysis of such single

nucleotide polymorphisms.

In one ‘embodiment, the single base polymorphism can be detected by using a
specialized exonuclease-resistant nucleotide, as disclosed, e.g., in Mundy, C. R. (US.
Pat. No. 4,656,127). According to the method, a primer complemehtary to the allelic
sequence immediately 3' to the polymorphic site is perrﬁitted to hybridize to a target
molecule obtained from a particular animal or human. If the polymorphic site on the
target molecule contains a nucleotide that is complementary to the particular exonu-
clease-resistant nucleotide derivative present, then that derivative will be incorpo-
rated onto the end of the hybridized primer. Such incorporation renders the primer

resistant - to exonuclease, and thereby permits its detection. Since the identity of the
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exonuclease-resistant derivative of the sample is known, a finding that the primer has
become resistant to exonucleases reveals that the nucleotide present in the polymor-
phic site of the target molecule was complementary to that of the nucleotide deriva-
tive used in the reaction. This method has the advantage that it does not require the

determination of large amounts of extraneous sequence data.

In another embodiment of the in&ention, a solution-based method is used for deter-
mining the identity of the nucleotide of a polymorphic site. Cohen, D. et al. (French
Patent 2,650,840; PCT Appln. No. W091/02087). As in the Mundy method of U.S.
Pat. No. 4,656,127, a primer is employed that ié complementary to allelic sequences
immediately 3" to a polymorphic site. The method determines the identity of the nu-
cleotide of that site using labeled dideoxynucleotide derivatives, which, if comple-
mentary to the nucleotide of the polymorphic site will become incorporated onto the

terminus of the primer.

An alternative method, known as Genetic Bit Analysis or GBA TM is described by
Goelet, P. et al. (PCT Appln. No. 92/15712). The method of Goelet, P. et al. uses
mixtures of labeled terminators and a primer that is complementary to the seciuence
3' to a polymorphic site. The labeled terminator that is incorporated is thus deter-
mined by, and complementary to, the nucleotide present in the polymorphic site of
the target molecule being evaluated. In. contrast to the method of Cohen et al. (French
Patent 2,650,840; PCT Appln. No. W091/02087) the method of Goelet, P. et al. is
preferably a heterogeneous phase assay, in which the primer or the target molecule is

immobilized to a solid phase.

Recently, several primer-guided nucleotide incorporation procedures for assaying
polymorphic sites in DNA have been described (Kombher, J. S. et al., Nucl. Acids.
Res. 17:7779-7784 (1989); Sokolov, B. P., Nucl. Acids Res. 18:3671 (1990),
Syvanen, A. -C., et al., Genomics 8:684-692 (1990), Kuppuswamy, M. N. et al,,
Proc. Natl. Acad. Sci. (U.S.A.) 88:1143-1147 (1991); Prezant, T. R. et al., Hum.
Mutat. 1:159-164 (1992); Ugozzoli, L. et al., GATA 9:107-112 (1992); Nyren, P. et
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al., Anal. Biochem. 208:171-175 (1993)). These methods differ from GBA TM in
that they all rely on the incorporation of labeled deoxynucleotides to discriminate
between bases at a polymorphic site. In such a format, since the signal is proportional

to the number of deoxynucleotides incorporated, polymorphisms that occur in runs of

_ the same nucleotide can result in signals that are proportional to the length of the run

(Syvanen, A.-C., et al.,\Amer. J. Hum. Genet. 52:46-59 (1993)).

For determining the identity of the allelic variant of a polymorphic region located in
the coding region of a gene, yet other methods than those described above can be
used. For example, iden;ciﬁéation of an allelic variant which encodes a mutated gene
protein can be performed by using an antibody specifically recognizing the mutant
protein in, e.g., immunohistochemiétry or immunoprecipitation. Antibodies to wild-
type gene protein are described, e.g., in Acton et al. (1999) Science 271:518 (anti-
mouse gene antibody cross-reactive with human gene). Other antibodies to wild-type
gene or mutated forms of gene proteins can be pr;apared according to methods known
in the art. Alternatively, one can also measure an activity of an ‘gene protein, such as
binding to a lipid or lipoprotein. Binding assays are known in the art and involve,
e.g., obtaining cells from .a subject, and performing binding experiments with a la-
beled lipid, to determine whether binding to the mutated form of the receptor differs

from binding to the wild-type of the receptor.

If a polymorphic region is located in an exon, either in a coding or non-coding region
of the gene, the identity of the allelic variant can be determined by determining the
molecular structure of the mRNA, pre-mRNA, or cDNA. The molecular structure can
be determined using any of the above described methods for determining the mo-

lecular structure of the genomic DNA, e.g., sequencing and SSCP.

The methods described herein may be performed, for example, by utilizing pre-pack-
aged diagnostic kits, such as those described above, comprising at least one probe or

primer nucleic acid described herein, which may be conveniently used, e.g., to de-
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termine whether a subject has or is at risk of developing a disease associated with a

specific gene allelic variant.

Sample nucleic acid for using in the above-described diagnostic and prognostic
methods can be obtained from any cell type or tissue of a subject. For example, a
subject's bodily fluid (e.g. blood) can be obtained by known techniques (e.g. veni-
puncture) or from human tissues like heart (biopsies, transplanted organs). Alterna-
tively, nucleic acid tests can be performed on dry samples (e.g. hair or skin). Fetal
nucleic acid samples for prenatal diagnostics can be obtained from maternal blood as
described in International Patent Application No.W091/07660.to Bianchi. Alterna-

tively, amniocytes or chorionic villi may be obtained for performing prenatal testing.

Diagnostic procedures may also be performed in situ directly upon tissue sections
(fixed and/or frozen) of patient tissue obtained from biopsies or resections, such that
no nucleic acid purification is necessary. Nucleic acid reagents may be used as
probes and/or primers for such in situ procedures (see, for example, Nuovo, G. T,
1992, PCR in situ hybridization: protocols and applications, Raven Press; New
York).

In addition to methods which focus primarily on the detection of one nucleic acid

-sequence, profiles may also be assessed in such detection schemes. Fingerprint pro-

files may be generated, for example, by utilizing a differential display pfocedure,

Northern analysis and/or RT-PCR.

In practicing the present invention, the distribution of polymorphic patterns in a large
number of individuals exhibiting particular markers of cardiovascular status or drug
response is determined by any of the methods described above, and compared with
the distribution of polymorphic patterns in patients that have been matched for age,
ethnic origin, and/or any other statistically or medically relevant parameters, who
exhibit quantitatively Ior qualitatively different status markers. Correlations are

achieved using any method known in the art, including nominal logistic regression,



WO 2004/069867 PCT/EP2004/000884

10

15

20

25

-33 .

chi square tests or standard least squares regression analysis. In this manner, it is pos-
sible to establish statistically significant correlations between particular polymorphic
patterns and particulér cardiovascular statuses (given in p values). It is further pc;ssi— ,
ble to establish statistically significant correlations between particular polymorphic

patterns and changes in cardiovascular status or drug response such as, would result,

. e.g., from particular treatment regimens. In this manner, it is possible to correlate

polymorphic patterns with responsivity to particular treatments.

In another embodiment of the present invention two or more polymorphic regions are
combined to define so called ‘haplotypes’ . Haplétypes are groups of two or more
SNPs that are functionally and/or spatially‘linked. It is possible to combine SNPs that
are disclosed in the present invention either with each other or with additional poly-
morphic regions to form a haplotype. Haplotypes are expected to give better predic-

tive/diagnostic information than a single SNP.

In a preferred embodiment of the present invention a panel of SNPs/haplotypes is-

defined that predicts the risk for CVD or drug response. This predictive panel is then

used for genotyping of patients on a platform that can genotype multiple SNPs at the
same time (Multiplexing). Preferred platforms are e.g. gene chips (Affymetrix) or the
Luminex LabMAP reader. The subsequent identification and evaluation of a patient's

haplotype can then help to guide specific and individualized therapy.

For example the present invention can identify patients exhibiting genetic polymor- .
phisms or haplotypes which indicate an increased risk for adverse drug reactions. In
that case the drug dose should be lowered in a way that the risk for ADR is dimin-
ished. Also if the patient's response to drug administration is particularly high (or the
patient is badly metabolizing the drug), the drug dose should be lowered to avoid the
risk of ADR. '
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In turn if the patient's response to drug administration is low (or the patient is a par-

ticularly high metabolizer of the drug), and there is no evident risk of ADR, the drug

dose should be raised to an efficacious level.

It is self evident that the ability to predict a patient's individual drug résponse should
affect the formulation of a drug, i.e. drug formulations should be tailored in a way
that they suit the different patient classes (low/high responder, poor/good me-
tabolizer, ADR prone patients). Those different drug formulations may encompass
different doses of the drug, i.e. the medicinal products contains low or high amounts
of the active substance. In another eﬁbodiement of the invention the drug formula-
tion may contain additional substances that facilitate the beneficial effects and/or

diminish the risk for ADR (Folkers et al. 1991, US Pat. 5,316,765).

Isolated Polymorphic Nucleic Acids, Probes, and Vectors

- The present invention provides isolated nucleic acids comprising the polymorphic

positions described herein for human genes; vectors comprising the nucleic acids;
and transformed host cells comprising the vectors. The invention also provides

probes which are useful for detecting these polymorphisms.

In practicing the present invention, many conventional techniques in molecular
biology, microbiology, and recombinant DNA, are used. Such techniqueé are well
known and are explained fully in, for example, Sambrook et al., 1989, Molecular
Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York; DNA Cloning: A Practical Aﬁproach, Vol-
umes I and II, 1985 (D. N. Glover ed.); Oligonucleotide Synthesis, 1984, (M. L.Gait
ed.); Nucleic Acid Hybridizatioﬁ, 1985, (Hames and Higgins); Ausubel et al., Cur-
rent Protocols in Molecular Biology, 1997, (John Wiley and Sons); and Methods in
Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, eds., respectively).
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Insertion of nuclei¢ acids (typically DNAs) comprising the sequences in a functional
surrounding like full length ¢cDNA of the present invention into a vector is easily
accomplished when the termini of both the DNAs and the vector compﬁse compati-
ble restriction sites. If this cannot be done, it may be necessary to modify' the termini
of the DNAs and/or vector by digesting back single-stranded DNA overhangs gener-
ated by restriction endonuclease cleavage to produce blunt ends, or to achieve the
same result by filling in the single-stranded termini with an appropriate DNA poly-

merase.

Altemafix}ely, any site desired may be produced, e.g., by ligating nucleotide se-
quences (linkers) onto the termini. Sﬁch linkers may comprise specific oligonucleo-
tide sequences that define desired restriction sites. Restriction sites can also be
generated by the use of the polymerase chain reaction (PCR). See, e.g., Saiki et al.,
1988, Science 239:48. The cleaved vector and the DNA fragments may also be modi-
fied if required by homopolymeric tailing.

The nucleic acids may be‘isolated directly from cells or may be chemically synthe-
sized using known methods. Alternatively, the polymerase chain reaction (PCR) -
method caﬁ be used to produce the nucleic apids of the invention, using either chemi-
cally synthesized strands or genomic material as templates. Primers used for PCR
can be synthesized using the sequence information provided herein and can further be
designed to introduce appropriate new restriction sites, if desirable, to facilitate in-

corporation into a given vector for recombinant expression.

The nucleic acids of the present invention may be flanked by native gene sequences,
or may be associated with heterologous sequences, including promoters, enhancers,
response elements, signal sequénces, polyadenylation sequences, introns, 5'- and 3'-
noncoding regions; and the like. The nucleic acids may also be modified by many
means known in the art. Non-limiting examples of such modifications include meth-
ylation, "caps", substitution of one or more of the naturally occurring nucleotides

with an analog, internucleotide modifications such as, for example, those with un-
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charged linkages (e.g., methyl phosphonates, phosphotriesters, phosphoroamidates,
carbamates, morpholines etc.) and with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.). Nucleic acids may contain one or more additional cova-
lently linked moieties, such as, for example, proteins (e.g., nucleases,‘ toxins, anti-
bodies, signal peptides, poly-L-lysine, etc.), intercalators (e.g., acridine, psoralen,
etc.), chelators (e.g., metals, radioactive metals, iron, oxidative metals, eté.), and al-
kylators. PNAs are also included. The nucleic acid may be derivatized by formation
of a methyl or ethyl phosphotriester or an alkyl phosphoramidate linkage. Further-
more, the nucleic acid sequences of the present invention may also be modified with
a label capable of providing a detectable signal, either directly or indirectly. Exem-

plary labels include radioisotopes, fluorescent molecules, biotin, and the like.

The invention also provides nucleic acid vectors comprising the gene sequences or
derivatives or fragments thereof of genes described in the Examles. A large number
of vectors, including plasmid and fungal vectors, have been described for replication
and/or expression in a variety of eukaryotic and prokaryotic hosts, and may be used
for gene therapy as well as for simple cloning or protein expression. Non-limiting
examples of suitable vectors include without limitation pUC plasmids, pET plasmids
(Novagen, Inc., Madison, Wis.), or pRSET ot pREP (Invitrogen, San Diego, Calif.),
and many abpropriate host cells, using methods disclosed or cited herein or otherwise
Known to those skilled in the relevant art. The particular choice of vector/host is not

critical to the practice of the invention.

Suitable host cells may be ‘rransformed/transfected/infected as appropriate by any
suitable method including electroporation, CaClz mediated DNA uptake, fungal or
viral infection, microinjection, microprojectile, or other established methods. Appro-
priate host cells included bacteria, archebacteria, fungi, especially yeast, and plant
and animal cells, especially mammalian cells. A large number of transcription initia-
tion and termination regulatory regions have been isolated and shown to be effective
in the transcription and translation of heterologous proteins in the various hosts. Ex-

amples of these regions, methods of isolation, manner of manipulation, etc. are



WO 2004/069867 PCT/EP2004/000884

10

15

20

25

30

-37-

known in the art. Under appropriate expression conditions, host cells can be used as a
source of recombinantly produced peptides and polypeptides encoded by genes of the
Examples. Nucleic acids encoding peptides or polypeptides from gene sequences of
the Examples may also be introduced into cells by recombination events. For exam-
ple, such a sequénce can be introduced into a cell and thereby effect homologous re-
combination at the site of an endogenous gene or a sequence with substantial identity
to the gene. Other recombination-based methods such as non-homologous recombi-
nations or deletion of endogenous genes by homologous recombination may also be

used.

. In case of proteins that form heterodimers or other multimers, both or all subunits

have to be expressed in one system or cell.

The nucleic acids of the present invention find use as probes for the detection of ge-
netic polymorphisms and as templates for the recombinant production of normal or

variant peptides or polypeptides encoded by genes listed in the Examples.

‘Probes in accordance with the present invention comprise without limitation isolated

nucleic acids of about 10-100 bp, preferably 15-75 bp and most preferably 17-25 bp
in length, which hybridize at high stringency to one or more of the polymorphic se-
quences disclosed herein or to a sequence immediately adjacent to a polymorphic
position. Furthermore, in some embodiments a full-length gene sequence may be
used as a prdbe. In one series of embodiments, the probes span the polymorphic po-
sitions in genes disclosed herein. In another series of embodiments, the probes cor;

respond to sequences immediately adjacent to the polymorphic positions.
Polymorphic Polypeptides and Polymorphism-Specific Antibodies
The present invention encompasses isolated peptides and polypeptides encoded by

genes listed in the Examples comprising polymorphic positions disclosed herein. In

one preferred embodiment, the peptides and polypeptides are useful screening targets
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to identify cardiovascular drugs; In another preferred embodiments, the peptides and
polypeptides are capable of eliciting antibodies in a suitable host animal that react
specifically with a polypeptide comprising the polymorphic position and distinguish

it from other polypeptides having a different sequence at that position.

Polypeptides accérding to the invention are preferably at least five or more residues
in length, preferably at least fifteen residues. Methods for obtaining these polypep-
tides are described below. Many conventional techniques in protein biochemistry and
immunology are used. Such techniques are well known and are explained in Immu-
nochemical Methods in Cell and Molecular Biology, 1987 (Mayer and Waler, eds;
Academic Press, London); Scopes, 1987, Protein Purification: Principles and Prac-
tice, Second Edition (Springer-Verlag, N.Y.) and Handbook of Experimental Immu-
nology, 1986, Volumes I-IV (Weir and Blackwell eds.). |

Nucleic acids comprising protein-coding sequences can be used to direct the ITT -
recombinant expression of polypeptides encoded by genes disclosed herein in intact
cells or in cell-free translation systems. The known genetic code, tailored if desired
for more efficient expression in a given host 6rganism, can be used to synthesize

oligonucleotides encoding the desired amino acid sequences. The polypeptides may

_be isolated from human ceils, or from heterologous organisms or cells (including, but

not limited to, bacteria, fungi, insect, plant, and mammalian cells) into which an ap-
propriate protein-coding sequence has been introduced and expressed. Furthérmore,

the polypeptides may be part of recombinant fusion proteins.

Peptides and poiypeptides may be chemically synthesized by commercially available
automated procedures, including, without limitation, exclusive solid phase synthesis,
partial solid phase methods, fragment condensation or classical solution synthesis.
The polypeptides are preferably prepared by solid phase peptide synthesis as de-
scribed by Merrifield, 1963, J. Am. Chem. Soc. 85:2149.
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Methods for polypeptide purification are well-known in the art, including, without
limitation, preparative disc-gel electrophoresis, isoelectric focusing, HPLC, reversed-
phase HPLC, gel filtration, jon exchange and partition chromatography, and counter-
current distribution. For some purposes, it is preferable to produce the polypeptide in
a recombinant system in which the protein contains an additional sequence tag that
facilitates purification, such as, but not limited to, a polyhistidine sequence. The
polypeptide can then be purified from a crude lysate of the host cell by chromatogra-
phy on an appropriate solid-phase matrix. Alternatively, antibodies produced against

peptides encoded by genes disclosed herein, can be used as purification reagents.

- Other purification methods are possible.

The present invention also encompasses derivatives and homologues of the polypep-
tides. For some purposes, nucleic acid sequences encoding the peptides may be
altered by substitutions, additions, or deletions that provide for functionally

equivalent molecules, i.e., function-conservative variants. For example, one or more

‘amino acid residues within the sequence can be substituted by another amino acid of

similar properties, such as, for example, positively charged amino acids (arginine,
lysine, and histidine); negatively charged amino acids (aspartate and glutamate);

polar neutral amino acids; and non-polar amino acids.

The isolated polypeptides may be modified by, for examplé, phoéphorylation, sul-
fation, acylation, or other protein modifications. They may also be modified with a
label capable of providing a detectable signal, either directly or indirectly, including,

but not limited fo, radioisotopes and fluorescent compounds.

The present invention also encompasses antibodies that specifically recognize the
polymorphic positions of the invention and distinguish a peptide or polypeptide con-
taining a particular polymorpﬁism from one that contains a different sequence at that
position. Such polymorphic position-specific antibodies according to the present in-
vention include polyclonal and monoclonal antibodies. The antibodies may be elic-

ited in an animal host by immunization with peptides encoded by genes disclosed
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herein or may be formed by in vitro immunization of immune cells. The immuno-
genic components used to elicit the antibodies may be isolated from human cells or
produced in recombinant systems. The antibodies may also be produced in recombi-
nant systéms programmed with appropriate antibody-encoding DNA. Alternatively,
the antibodies may be constructed by biochemical reconstitution of purified heavy
and light chains. The antibodies include hybrid antibodies (i.e., containing two sets of
heavy chain/light chain combinations, each of which recognizes a different antigen),
chimeric antibodies (i.e.,'in which either the heavy chains, light chains, or both, are
fusion proteiﬁs), and univalent antibodies (i.e., comprised of a heavy chain/light
chain complex bound to the constant region of a second heavy chain). Also included _
are'Fab fragments, including Fab' and F(ab).sub.2 fragments of antibodies. Methods
for the production of all of the above types of antibodies and derivatives are well-
known in the art and are disc;ussed in more detail below. For example, techniques for
producing and processing polyclonal antisera are disclosed in Mayer and Walker,
1987, Immunochemical Methods in Cell and Molecular Biology, (Academic Press,
London). The general methodology for making monoclonal antibodies by hybrido-
mas is well known. Immortal antibody-producing cell lines can be created by cell
fusion, and also by other techniques such as direct transformation of B 1ymphocytes;

with oncogenic DNA, or transfection with Bpstein-Barr virus. See, e.g., Schreier et

al., 1980, Hybridoma Techniques; U.S. Pat. Nos. 4,341,761; 4,399,121; 4,427,783,

4,444,887, 4,466,917; 4,472,500; 4,491,632; and 4,493,890. Panels of monoclonal
antibodies produced against peptides encoded by genes disclosed herein can be

screened for various properties; i.e. for isotype, epitope affinity, etc.

The antibodies of this invention can be puriﬁed by standard methods, including but
not limited to preparative disc-gel electrophoresis, isoelectric focusing, HPLC, re-
versed-phase HPLC, gel filtration, ion exchange and partition chromatography, and
countercurrent distribution. Purification methods for antibodies are disélosed, e.g., in
The Art of Antibody Purification, 1989, Amicon Division, W. R. Grace & Co. Gen-
eral protein purification methods are described in Protein Purification: Principles and

Practice, R. K. Scopes, Ed., 1987, Springer-Verlag, New York, N.Y.
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Methods for determining the immunogenic capability of the disclosed sequences and -

the characteristics of the reéulting sequence-specific antibodies and immune cells are

“well-known in the art. For example, antibodies elicited in response to a peptide com-

prising a particular polymorphic sequence can be tested for their ability to specifi-
cally recognize that polymorphic sequence, i.e., to bind differentially to a peptide or
polypeptide comprising the polymorphic sequence and thus distinguish it from a

similar peptide or polypeptide containing a different sequence at the same position.
Kits

As set forth herein, the invention provides diagnostic methods, e.g., for determining
the idenﬁty of the allelic variants of polymbrphic regions present in the gene loci of
genes disclosed herein, wherein specific allelic variants of the polymorphic region
are associated with cardiovascular diseases. In a preferred erhbodiment, the diagnos-
tic kit can be used to determine whether a subject is at risk of developing a cardio-
vascular disease. This information could then be used, e.g., to optimize treatment of

such individuals.

In preferred embodiments, the kit comprises a probe or primer which is capable of
hybridizing to a gene and thereby identifying whether the gene contains an allelic -
variant of a polymorphic region which is associated with a risk for cardiovascular
disease. The kit preferably further comprises instructions for use in diagnosing a
subject as having, or having a predisposition, towards developing a cardiévascular
disease. The probe or primeré of the kit can be any of the probes or primers described

in this file.

Preferred kits for amplifying a region of a gene comprising a polymorphic region of

interest comprise one, two or more primers.
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Antibody-based diagnostic methods and kits:

- The invention also provides antibody-based methods for detecting polymorphic pat-

terns in a biological sample. The methods comprise the steps of: (i) contacting a
sample with one or more antibody preparations, wherein each of the antibody prepa-
rations is specific for a particular polymorphic form of the proteins encoded by
genes disclosed herein, under conditions in which a stable antigen-antibody complex
can form between the antibody and antig;m'c components in the sample; and (ii)
detecting any antigen;antibody complex formed in step (i) using any suitable means
known in the art, wherein the detection of a complex indicates the presence of the

particular polymorphic formAin the sample.

Typically, immunoassays use either a labelled antibody or a labelled antigenic com-

" ponent (e.g., that competes with the antigen. in.the sample for binding to the anti-

body). Suitable labels include without limitation enzyme-based, fluorescent, chemi-
luminescent, radioactive, or dye molecules. Assays that amplify the signals from the

probe are also known, such as, for example, those that utilize biotin and avidin, and

enzyme-labelled immunoassays, such as ELISA assays.

The present invention also provides kits suitable for antibody-based diagnostic appli-

cations. Diagnostic kits typically include one or more of the following components:

1) Polymorphism-specific antibodies. The antibodies may be pre-labelled; alter-
natively, the antibody may be unlabelled and the ingredients for labelling may
be included in the kit in separate containers, or a secondary, labelled antibody

is provided; and

(1)  Reaction components: The kit may also contain other suitably packaged rea-
gents and materials needed for the particular immunoassay protocol, includ-

ing solid-phase matrices, if applicable, and standards.
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The kits referred to above may include instructions for conducting the test. Further-

more, in preferred embodiments, the d1agnost1c kits are adaptable to h1gh—throughput

and/or automated operation.
Drug Targets and Screening Methods

According to the present invention, nucleotide sequences derived from genes dis-
closed herein and peptide sequences encoded by genes disclosed herein, particularly
those that contain one or more polymorphic sequences, comprise useful targets to
1dentify cardiovascular drugs, i.e., compounds that are effective in treating one or
more clinical symptoms of cardiovascular disease. Furthermore, especially when a
protein is a multimeric protein that are build of two or more subunits, is a combma-

tion of different polymorphic subunits very useful.
Drug targets include without limitation (i) isolated nucleic acids derived frona the
genes disclosed herein, and (ii) isolated peptides and polypeptides encoded by genes

disclosed herein, each of which comprises one or more polymorphic positions.

In vitro screening methods:

_ In one series of embodiments, an isolated nucleic acid comprising one or more poly-

morphic positions is tested in vitro for its ability to bind test compounds in a se-

quence-specific manner. The methods comprise:

(€] providing a first nucleic acid containing a particular sequence at a polymor-
phic position and a second nucleic acid whose sequence is identical to that of
the first nucleic acid except for a different sequence at the same polymorphic

position;

(ii)  contacting the nucleic acids with a multiplicity of test compounds under con-

ditions appropriate for binding; and
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(iii)  identifying those compounds that bind selectively to either the first or second

nucleic acid sequence.

Selective binding as used herein refers to any measurable difference in any parameter

of binding, such as, e.g., binding affinity, binding capacity, etc.

In another series of embodiments, an isolated peptide or polypeptide comprising one
or more polymorphic positions is tested in vitro for its ability to bind test compounds’

in a sequence-specific manner. The screening methods involve:

1) providing a first peptide or polypeptide containing a particular sequence at a
polymorphic position and a second peptide or polypeptide whose sequence is
identical to the first peptide or polypeptide except for a different sequence at

the same polymorphic position; -

(if)  contacting the polypeptides with a multiplicity of test compounds under con-

ditions appropriate for binding; and

(iii)  identifying those compounds that bind selectively to one of the nucleic acid

sequences.

In preferred embodiments, high-throughput screening protocols are used to survey a
large number of test compounds for their ability to bind the genes or peptides dis-

closed above in a sequence-specific manner.

Test compounds are screened from large libraries of synthetic or natural compounds.
Numerous means are currently used for random and directed synthesis of saccharide,
peptide, and nucleic acid based compounds. Synthetic compound libraries are com-
mercially available from Maybridge Chemical Co. (Trevillet, Cornwall, UK), Com-

genex (Princeton, N.J.), Brandon Associates (Merrimack, N.H.), and Microsource
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(New Milford, Conn.). A rare chemical library is available from Aldrich (Milwaukeé,
Wis.). Alternatively, libraries of natural compounds in the form of bacterial, fungal,
plant and animal extracts are available from e.g. Pan Laboratories (Bothell, Wash.) or
MycoSearch (N.C.), or are readily pfoducible. Additionally, natural and synthetically
produced libraries and compounds are readily modified through conventional chemi-

cal, physical, and biochemical means.
In vivo screening methods:

Intact cells or whole animals expressing polymorphic variants of genes disclosed

herein can be used in screening methods to identify candidate cardiovascular drugs.

In one series of embodiments, a permanent cell line is established from an individual
exhibiting a particular polymorphic pattern. Alternatively, cells (including without
limitation mammalian, insect, yeast, or bacterial cells) are programmed to express a
gene comprising vone or more polymorphic sequences by introduction of appropriate
DNA. Identification of candidate compounds can be achieved using any suitable as-
say, including without limitation (1) assays that measure selective binding of test
compoundé to particular polymorphic variants of proteins encoded by genes dis-
closed herein; (ii) assays that measure the ability of a test compound to modify (i.e.,
inhibit or enhance) a measurable activity or function of proteins encoded by genes
disclosed herein; and (iii) assays that measure the ability of a compound to modify
(i.e., inhibit or enhance) the transcriptional activity of sequences derived from the

promoter (i.e., regulatory) regions of genes disclosed herein.

In another series of embodiments, transgenic animals are created in which (i) one or
more human genes disclosed herein, having different sequences at particular poly-
morphic positions are stably inserted into the genome of the transgenic animal;
and/or (ii) the endogenous genes disclosed herein are inactivated and replaced with
human genes disclosed herein, having different sequences at particular polymorphic

positions. See, e.g., Coffman, Semin. Nephrol. 17:404, 1997; Esther et al., Lab. In-
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vest. 74:953, 1996; Murakami et al., Blood Press. Suppl. 2:36, 1996. Such animals
can be treated with candidate compounds and monitored for one or more clinical

markers of cardiovascular status.
The following are intended as non-limiting examples of the invention.
Material and Methods

Genotyping of patient DNA with the Pyrosequencing™ Method as described in the
patent application WO 9813523:

First a PCR is set up to amplify the flanking regions around a SNP. Therefor 2 ng of
genomic DNA (patient éample) are mixed with a primerset (20 — 40 pmol) producing
a 75 to 320 bp PCR fragment with 0,3t0 1 U Qiagens Hot Star Taq Polymerase™ in
a total volume of 20 pL. One primer is biotinylated depending on the direction of the
.sequencing primer. To force the biotinylated primer to be incorporated it is used -

0,8 fold.

For primer design, prografnms like Oligo 6™ (Molecular Biology Insights) or Primer
Select™ (DNAStar) are used. PCR setup is performed by a BioRobot 3000 ™ from
Qiagen. PCR takes place in T1 or Tgradient Thermocyclers ™. from Biometra.

The whole PCR reaction is transferred into a PSQ plate ™ (Pyrosequencing) and
prepared using the Sample Prep Tool ™ and SNP Reagent Kit ™ from Pyrose-

quencing according to their instructions.
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Preparation of template for PyrosequencingTM:

Sample preparation using PSQ 96 Sample Prep Tool:

Mount the PSQ 96 Sample Prep Tool Cover onto the PSQ 96 Sample Prep
Tool as follows: Place the cover on the desk, retract the 4 attachment rods by
separating the handle from the magnetic rod holder, fit the magnetic rods into
the holes of the cover plate, push the handle downward until a click is heard.
The PSQ 96 Sample Prep Tool is now ready for use.

To transfer beads from one plate to another, place the covered tool into the -
PSQ 96 Plate containing the samples and llower the magnetic rods by sepa-

rating the handle from the magnetic rod holder. Move the tool up and down a

few times then wait for 30-60 seconds. Transfer the beads into anew PSQ 96

plate containing the solution of choice.

Release the. beads by lifting the magnetic rod holder, bringing it together with

the handle. Move the tool up and down a few times to make sure that the

beads are released.

All steps are performed at room temperature unless otherwise stated.
Immobilization of PCR product:

Biotinylated PCR products are immobilized on streptavidin-coated Dynabeads™

M-280 Streptavidin. Parallel immobilization of several samples are performed in the
PSQ 96 Plate.

Mix PCR product, 20 pl of a well optimized PCR, with 25 pul 2X BW-buffer
II. Add 60-150 pg Dynabeads. It is also possible to add a mix of Dynabeads
and 2X BW-buffer II to the PCR product yielding a final BW-buffer II con-

centration of approximately 1x.
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2. Incubate at 65°C for 15 min agitation constantly to keep the beads dispersed.
For optimal immobilization of fragments longer than 300 bp use 30 min incu-

bation time.

Strand separation:

4, For strand éeparation, use the PSQ 96 Sample Prep Tool to transfer the beads
with the immobilized sample to a PSQ 96 Plate containing 50 ul 0.50 M
NaOH per well. Release the beads.

5. After approximately 1 min, transfer the beads with the immobilized strand to
a PSQ 96 Plate containing 99 pl 1x Annealing buffer per well and mix thor-
oughly. ‘

6. Transfer the beads to a PSQ 96 Plate containing 45 ul of a mix of 1x Anneal-
ing buffer and 3-15 pmoles sequencing primer per well. ,

7. Heat at 80°C for 2 minutes in the PSQ 96 Sample Prep Thermoplate and
move to room temperature.

8. After reaching room temperature, continue with the sequencing reaction.

Sequencing reaction:

1. Choose the method to be used ("SNP Method™) and enter relevant informa-
tion in the PSQ 96 Instrument Control software.

2. Place the cartridge and PSQ 96 Plate in the PSQ 96 Instrument.

3. Start the run.

Genotyping using the ABI 7700/7900 instrument (TagMan)

SNP genotypisation using the TagMan (Applied Biosystems/Perkin Elmer) was per-

formed according to the manufacturer's instructions. The TagMan assay is discussed

by Lee et al., Nucleic Acids Research 1993, 21: 3761-3766.
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Genotyping with a service contractor:

Qiagen Genomics, formerly Rapigene, is a service contractor for genotyping SNPs in
patient samples. Their method is based on a primer extension method where two
-complementary primers are designed for each genotype that are labeled with different
tags. Depending on the genotype only one primer will be elongated together with é
certain tag. This tag can be detected with mass spectrometry and is a measure for the
respective genotype. The method is described in the following patent: “Detection and
identification of nucleic acid molecules - using tags which may be detected by non-

fluorescent spectrometry or potentiometry” (WO 9727325).

Sequences:
The sequence section contains all phenotype associated (‘PA’) SNPs and adjacent

genomic sequences. The position of the polymorphisms that were used for the

- association studies (‘baySNP’) is indicated. Sometimes additional variations are

found in the surrounding genomic sequence, that are marked by it’s respective
IUPAC code. Although those surrounding SNPs were not explicitly analyzed, they
likely exihibit a similar association to a pheﬁofype as the baySNP (due to linkage
disequillibrium, Reich D.E. et al. Nature 411, 199-204, 2001).
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Examples

To exemplify the present invention and it's utility (the imaginary) baySNP 28 will be |

used in the following:

The nucleotide polymorphism found for baySNP 28 (e. g.. C to T exchange) and the
gene in which it presumably resides can be read from table 3. baySNP 28 was geno-
typed in various patient cohorts using primers as described in table 2. As a result the
following number of patients carrying different genotypes were found (information

combined from tables 3 and 5a):

baySNP (Cohort - |Total |Genotype 11 |Genotype 12 |Genotype 22
’ |ICC" HCT" "TTH
28  |HELD_FEM_HIRESP 12 1 2 9
28 +|HELD_FEM_LORESP| 22 3 12 7

When comparing the number of female patients exhibiting a high response to statin
therapy (HELD_FEM_HIRESP) with the control cohort (HELD FEM_LORESP) it
appears that the number of low responders carrying the CT genotype is increased.
This points to a lower statin response among female individuals with the CT geno-
type. Applying statistical tests on those findings the following p-values were ob-
tained (data taken from table 5b):

BAYSNP COMPARISON | GTYPE | GTYPE | GTYPE
' CPVAL | XPVAL | LRPVAL

28 HELD_FEM_EFF 0,0506 0,0508 0,0442

As at Jeast one of the GTYPE p values is below 0,05 the association of genotype and
statin response phenotype is regarded as statistically significant. Le. the analysis of a

patient's genotype can predict the response to statin therapy. In more detail one can
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calculate the relative risk to exhibit a certain statin response phenotype when carry-

ing a certain genotype (data taken from table 6a):

BAYSNP| COMPARISON |GTYPE1|GTYPE2|GTYPE3 |RR1|RR2| RR3

28 HELD FEM EFF CC CT TT 0,68 10,29 | 3,38

In case of baySNP 28 the risk to exhibit 'é high responder phenot&pe is 3,38 times
higher when carrying the TT genotype. This indicates that a TT polymorphism in
baySNP 28 is an independent risk factor for high statin response in females. On the
other hand carriers -of a CT or CC genotype have a reduced risk of being a high re-

sponder.

In addition statistical associations can be calculated on the basis on alleles. This cal-

culation would identify risk alleles instead of risk genotypes.

In case of baySNP 28 the following allele counts were obtained (data combined from

tables 3 and 5a):

baySNP Cohort " | Total Allele 1 Allele 2
1" C " "T "
28 HELD_FEM_HIRESP 12 4 - 20
28 HELD FEM_LORESP 22 18 26

When comparing the number of female patients with high statin response
(HELD_FEM_HIRESP) with the control cohort (HELD_FEM_LORESP) it appears
that the number of high responders carrying the T allele is increased, whereas the
number of high responders carrying the C allele is diminished. T his points to a higher
statin response among female individuals with the T allele. Applying statistical tests

on those findings the following p-values were obtained (data taken from tabie 5b):
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BAYSNP | COMPARISON | ALLELE |ALLELE| ALLELE
' CPVAL XPVAL LRPVAL
28 HELD FEM_EFF 0,0411 0,0579 0,0349
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As at least one of the ALLELE p values is below 0,05 the association of allele and
statin response phenotype is regarded as statistically significant (in this example sig-
nificant p values were obtained from two statistical tests). I.e. also the analysis of a
patient's alleles from baySNP 28 can predict the extend of statin response. In more
detail one can calculate the relative risk to exhibit a certain statin respbnse phenotype

when carrying a certain allele (data taken from table 6b):

baySNP | Allelel | Allele2 | COMPARISON | RR1 RR2

28 € T HELD_FEM_EFF | 0,42 2,39

In case of baySNP 28 the risk to exhibit a high responder phenotype is 2,39 times °
higher when carryl;ng the T allele. This indicates that the T allele of baySNP28 is an
independent risk factor for a high statin response in females. In other words those
patients should receive lower doses of statins in order to avoid ADR. However due to
their 'high responder' phenotype they will still benefit from the drug. In turn carriers
of the C allele should receive higher drug doses in order to experience a benefical

therapeutic effect.

Another example is (the imaginary) baySNP 29, which is taken to exemplify poly-

morphisms relevant for adverse drug reactions. baySNP 29 was found significant
when comparing male patients with severe ADR to the respective controls (as de-

fined in table 1b).

The relative risk ratios for the genotypes AA, AG and GG were as follows (data
taken from table 6a):
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BAYSNP COMPARISON GTYPE1 | GTYPE2 | GTYPE3 | RR1 | RR2 | RR3

29 HELD_MAL_ADRSULN | AA AG GG 3,15 | 0,66 | 0,32

10

15

In this case male patients carrying the AA genotype have a 3,15 times higher risk to

suffer from ADR. In other words those patients should either receive lower doses of

statins or switch to an alternative therapy in order to avoid ADR. On the other hand

male patients with AG or GG genotypes appear to be more tesistant to ADR and

hence better tolerate statin therapy.

As can be seen from the following tables some of the associations that are disclosed

 in the present invention are indicative for more than one phenotype. Some baySNPs

can for example be linked to ADR, but also to the risk to suffer from CVD (table 6).

Table 1a Definition of “good” and “bad” serum lipid levels

llGoodll HBadH

LDL-Cholesterol [mg/dL]

125 -150 170 - 200

Cholesterol [mg/dL]

190 - 240 265 - 315

HDL-Cholesterol [mg/dL]

60 -105 30-55

Triglycerides [mg/dL]

45 -115 170 — 450

Table 1b Definition of drug response phenotypes

Low responder Decrease of serum LDL of at least 10% and at
most 50% upon administration of 0.8 mg Ceri-
vastatin (female patients)

High responder Decrease of serum LDL of at least 50% upon

administration of 0.4 mg Cerivastatin (female

patients)
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Very low responder

Decrease of serum LDL of at least 10% and at |
most 35% upon administration of 0.8 mg Ceri-

vastatin (female patients)

Very high responder

Decrease of serum LDL of at least 55% ﬁpon
administration of 0.4 mg Cerivastatin (female

patients)

Ultra low responder

Decrease of serum LDL of at least 10% and at
most 25% upon administration of 0.8 mg Ceri-

vastatin (female patients)

Ultra high responder

Decrease of serum LDL of at least 60% upon
administration of 0.4 mg Cerivastatin (female

patients)

Tolerant patient

No diagnosis of muscle cramps, muscle pain,
muscle weakness, myalgia or myopathy
AND :
serum CK levels below 70 mg/dl in women and

below 80 mg/dl in men.

ADR patient
(CK increase at least 2XxULN)

Diagnosis of muscle cramps, muscle pain, muscle
weakness, myalgia or myopathy

OR

serum CK levels higher than 140 mg/dl in women
and 160 mg/dl in men.

Advanced ADR patient [ADR3]
(advanced CK increase, at least

3xULN)*

Serum CK levels higher than 210 mg/dl in

women and 240 mg/dl in men

Severe-ADR patient [ADRS5]
(severe CK increase,

5xULN)*

at least

Serum CK levels higher than 350 mg/dl in

women and 400 mg/dl in men

*: When assembling the cohorts for advanced and severe ADR we focused on

the CK serum levels as those provide a more independent measure of statin

related ADR.
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Table 1c Definition of “high” and “low” serum HDL cholesterol levels

Male Female

individuals individuals |
,High’ HDL-Cholesterol [mg/dL] |>=80 >=104
,Low‘ HDL-Cholesterol [mg/dL]  |<=35 <=37

An informed consent was signed by the patients and control people. Blood was taken

‘by a physician according to medical standard procedures.

Samples were collected anonymous and labeled with a patient number.

DNA was extracted using kits from Qiagen.

Table 2 Oligonucleotide primers used for genotyping

Depending on the method used for genotyping different oligonucleotides were util-

ized. The table lists the various methods and primer sets that were used for this in-

vention. Primers were designed using suitable programs like Primer Express™ (Ap-

plied. Biosystems, Darmstadt, Germany) or Oligo™ (Molecular Biology Insights,

Inc., Cascade, CO, USA).
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Method

No. of

oligonucleotides

Type of oligonucletides

Mass Spectrometry

4

2 Primers for preamplification of the geno-
mic fragment,
2 allele specific primers with additional tag

sequences for subsequent allele spec. PCR

Pyrosequencing™

2 Primers for preamplification of the geno-

mic fragment (one biotinylated), 1 se-

quencing primer

TagMan

2 Primers for amplification of the genomic
fragment, 2 allele specific probes carrying
different fluorochromes (VIC, FAM) and a| -
quencher. Preferably the allele specific
probes have a minor groove binder (MGB)
attached (Kutyavin et al,, Nucleic Acids

Research 2000, 28:655-661).
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Table 3 PA SNPs, SNP classes and putative PA genes

The baySNP number refers to an internal numbering of the PA SNPs. Listed are the
different polymorphisms found in our association study. Also from the association
study we defined SNP classes; with ADR being adverse drug reaction related, with
EFF being drug efficacy related and CVD being cardiovascular disease related.
ADR3 and ADRS relate to advanced and severe ADR, whereas VEFF .and UEFF
relate to very high/low and ultra high/low drug efficacy (see table 1b). Also
accession numbers and desériptions of those gene loci are given that are most
homologous to the PA genes as listed in the sequences section (see below).
Homologous genes and their accession numbers could be found by those skilled in
the art in the Genbank database. The term ‘SECONDARY’ marks SNPs that db not

reside inside the respective gene, but in it’s proximity. Null: not defined.
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Given are names (as used in table 5) and formations of the various cohorts that were

used for genotyping

COHORT

Definition

HELD_ALL_GOOD/BAD

Healthy elderly individuals of both genders with good or bad

serum lipid profiles (as defined in table 1a)

HELD_FEM_GOOD/BAD

Healthy elderly individuals (female) with good or bad serum lipid
profiles (as defined in table 1a)

HELD_MAL_GOOD/BAD

Healthy elderly individuals (male) with good or bad serum lipid
profiles (as defined in table 1a)

CVD_ALL_CASE/CTRL

Individuals with diagnosis of cardiovascular disease and healthy

controls (both genders)

CVD_FEM_CASE/CTRL

Individuals with diagnosis of cardiovascular disease and healthy

controls (female)

CVD_MAL_CASE/CTRL

Individuals with diagnosis of cardiovascular disease and healthy

controls (male)

HELD_FEM_ADRCTRL

Female individuals that tolerate adminstration of cerivastatin

without exhibiting signs of ADR (as defined in table 1b)

HELD FEM_ADRCASE

Female individuals that exhibited ADR (as defined in table 1b)

upon administration of cerivastatin

HELD MAL_ADRCTRL

Male individuals that tolerate adminstration of cerivastatin without
exhibiting signs of ADR (as defined in table 1b)

HELD_MAL_ADRCASE

Male individuals that exhibited ADR (as defined in table 1b) upon

administration of cerivastatin

HELD ALL_ADRCTRL

Individuals of both genders that tolerate adminstration of
cerivastatin without exhibiting signs of ADR (as defined in table
1b)

HELD ALL_ADRCASE

Individuals of both genders that exhibited ADR (as defined in
table 1b) upon administration of cerivastatin

HELD FEM_LORESP

Female individuals with a minor response to cerivastatin

administration (as defined in table 1b)

HELD FEM_HIRESP

Female individuals with a high response to to cerivastatin

administration (as defined in table 1b)




WO 2004/069867 PCT/EP2004/000884

- 60 -

COHORT Definition
HELD_FEM_HIHDL/LOHDL |Healthy elderly individuals (female) with high or low serum HDL

cholesterol levels (as defined in table 1c)

HELD_MAL_HIHDIL/LOHDL |Healthy elderly individuals (male) with high or low serum HDL

cholesterpl levels (as defined in table 1c) ‘
HELD_ALL_HH—IDL/LOHDL Healthy elderly individuals of both genders with high or low
serum HDL cholesterol levels (as defined in table 1c)

HELD FEM ADR3CASE Female individuals that exhibited advanced ADR (as deﬁnec‘i in

table 1b) upon administration of cerivastatin

HELD MAL_ADR3CASE Male individuals that exhibited advanced ADR (as defined 1n table
1b) upon administration of cerivastatin

HELD ALIL ADR3CASE Individuals of both genders that exhibited advanced ADR (as
' defined in table 1b) upon administration of cerivastatin

HELD_FEM_VLORESP Female individuals with a very low response to cerivastatin
administration (as defined in table 1b)

HELD_FEM_VHIRESP Female individuals with a very high response to cerivastatin
administration (as defined in table 1b)

HELD_FEM_ADRSCASE - |Female individuals that exhibited severe ADR (as defined in table

1b) upon administration of cerivastatin
HELD MAL_ADRS5CASE Male individuals that exhibited severe ADR (as defined in table
1b) upon administration of cerivastatin

HELD ALL ADRSCASE Individuals of both genders that exhibited severe ADR (as defined
) in table 1b) upon administration of cerivastatin
HELD_FEM_ULORESP Female individuals with a ultra low response to cerivastatin
administration (as defined in table 1b)
HELD FEM_UHIRESP Female individuals with a ultra high response to to cerivastatin

administration (as defined in table 1b)

Table Sa and 5b Cohort sizes and p-values of PA SNPs

The baySNP number refers to an internal numbering of the PA SNPs. Cpval denotes
5 the classical Pearson chi-squared test, Xpval denotes the exact version of Pearson’s
chi-squared test, LRpval denotes the likelihood-ratio chi-squared test,. Cpvalue,
Xpvalue, and LRpvalue are calculated as described in (SAS/STAT User’s Guide of
the SAS OnlineDoc, Version 8), (L. D. Fisher and G. van Belle, Biostatistics, Wiley
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Interscience 1993), and (A. Agresti, Statistical Science 7, 131 (1992)).The GTYPE

and Allele p values were obtained through the respective chi square tests when

comparing COHORTSs A and B. For GTYPE p value the number of patients in cohort

A carrying genotypes 11, 12 or 22 (FQL1 A, FQ 12 A, FQ 22 A; genotypes aé ’
defined in table 3) were compared with the respective patients in cohort B (FQ11 B,

FQ 12 B, FQ 22 B; genotypes as defined in table 3) resulting in the respective chiv
square test with a 3x2 matrix. For Allele p values we compared the allele count of

alleles 1 and 2 (A1 and A2) in cohorts A and B, respectively (chi square test with a

2x2 matrix). SIZE A and B: Number of patients in cohorts A and B, respectively. Se/;e

table 4 for definition of COHORTS A and B.
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HELD ALL CC2

below 0.05.
1274 |CVD.MAL 0,0184 | 0,0106
1274 |HELD MAL_CC2 0,06 |0,1498
5002 |HELD MAL_ADRS5ULN |0,0002 | 0,0006
| 5002 |HELD _MAL ADR3ULN | 0,0021 | 0,0019
5002 |HELD FEM_VEFF 0,0385 | 0,0393
7551 |HELD_MAL_ADR3ULN |0,0369 | 0,0442
7551 |HELD MAL_ADR 0,1396 | 0,0928
11142 |HELD _MAL_ADRSULN | 0,1058 | 0,0857
11143 |HELD FEM_VEFF 0,0307 | 0,0317
11144 [HELD FEM_VEFF 0,0863 | 0,0858
11144 |HELD MAL_ADRSULN |0,1089 | 0,1024
11145 |HELD_FEM_ADR3ULN | 0,0647 | 0,0694
11145 |HELD_FEM _ADR 0,0189 | 0,0193
11146 |[HELD FEM_ADR 0,0112 | 0,0108
11146 [HELD_FEM_ADR3ULN |0,1205 {0,1235
11654 |HELD MAL LIP 0,0054 [0,0038
11654 [HELD MAL_ADR3ULN ] 0,0331 | 0,0359
11655 |HELD MAL _LIP 0,0054 | 0,0038
11655 |HELD_ALL_ADR3ULN |0,0054 | 0,0052
11655 0,1175 | 0,1227




WO 2004/069867 PCT/EP2004/000884
-64 -
Table 6a Correlation of genotyées of PA SNPs to relative risk
For diagnostic conclusions to be drawn from genotyping a particular patient we

calculated the relative risk RR1, RR2, RR3 for the three possible genotypes of each
SNP. Given the genotype frequencies as

gtypel gtype2 gtype3
case N11 N12 N13
control N21 N22 N23

we calculate

_ N11 / N12+N13
"~ N21/ N22+N23
,_ N2 /N11+N13
" N22/ N21+N23
RR3 N13 N1+ N12
N23/ N21+N22

RR1

Here, the case and control populations represent any case-control-group pair, or
bad(case)-good(control)-group pair, respectively (due to their increased response to
statins, 'high responders' are treated as a case cohort, whereas 'low responders' are
treated as the respective control cohort). A value RR1>1, RR2>1, and RR3>1
indicates an increased risk for individuals carrying genotype 1, genotype 2, and
genotype 3, respectively. For example, RR1=3 indicates a 3-fold risk of an individual
carrying genotype 1 as compared to individuals carrying genotype 2 or 3 (a detailed
descripti‘on of relative risk calculation and statistics can be found in (Biostatistics, L.
D. Fisher and G. van Belle, Wiley Interscience 1993)). The baySNP number refers to
an internal numbering of the PA SNPs and can be found in the sequence listing. null:

not defined.
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In cases where a relative risk is not given in the table (three times zero or null) the
informative genotype can be drawn from the right part of the table where the

frequencies of genotypes are given in the cases and control cohorts. For example

BaySNP 3360 gave the following results:

3360 HELD_MAL_ADRSULN

TYPEL | GTYPE2 |GTYPES| RR1 | RR2 | RR
GT | TT |mll| 0 | 0

10 0 0 50 22 1

It can be concluded that a GT or TT genotype is only present in the control cohort;
these genotypes are somehow protective against ADR. An analogous proceeding can

10 be used to determine protective alleles if no relative risk is given (table 6b).
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Table 6b: Correlation of PA SNP alleles to relative risk

For diagnostic conclusions to be drawn from genotyping a particular patient we
calculated the relative risks RR1, and RR2 for the two possible alleles of each SNP.

Given the allele frequencies as

allelel allele2
case N11 N12
control N21 N22
we calculate
RRl= N11 /N12
N21/ N22
RR2 = N12 /N11
N22/ N21

Here, the case and control populations represent any case-control-group pair, or
bad(case)-good(control)-group pair, respectively (due to their increased response to
statins, 'high responders' are treated as a case cohort, whereas 'low responders' are
treated as the respective control cohort). A value RR1>1, and RR2>1 indicates an
increased risk for individuals carrying allele 1, and allele2, respectively. For
example, RR1=3 indicates a 3-fold risk of an individual carrying allele 1 as
compared to individuals not carrying allele 1 (a detailed description of relative risk
calculation and statistics can be found in (Biostatistics, L. D. Fisher and G. van Belle,

Wiley Interscience 1993)). The baySNP number refers to an interral numbering of

- the PA SNPs and can be found in the sequence listing. null: not defined.
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Claims

An isolated polynucleotide encoded by a phenotype associated (PA) gene; the
poiynucleotide is selected from the group comprising SEQID 1, 2, 3, 4, 5, 6,
7, 8, 9, 10 with allelic variation as indicated in the sequences section
contained in a functional surrounding like full length cDNA for PA gene

polypeptide and with or without the PA gene promoter sequence.

An expression vector cohtaining one or more of the polynucleotides of claim
1.

A host cell containing the expression vector of claim 2.

A substamially purified PA gene polypeptide encoded by a polynucleotide of

claim 1.

A method for producing a PA gene polypeptide, wherein the method

comprises the following steps: | |

a) culturing the host cell of claim 3 under cdnditions suitable for the
expression of the PA gene polypeptide; and

b) recovering the PA gene polypeptide from the host cell culture.

A method for the detection of a polynucleotide of claim 1 or a PA gene
polypeptide of claim 4 comprising the steps of: 4
contacting a biological sample with a reagent which specifically interacts with

the polynucleotide or the PA gene polypeptide.

A method of screening for agents which regulate the activity of a PA gene
comprising the steps of:

contacting a test compound with a PA gene polypeptide encoded by any
polynucleotide of claim 1; and detecting PA gene activity of the polypeptide,
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12.

13.
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wherein a test compound which increases the PA gene polypeptidg activity is
identified as a potential therapeutic agent for increasing the activity of the PA
gene polypeptide and wherein a test compound which decreases the PA

activity of the polypeptide is identified as a potential therapeutic agent for

~ decreasing the activity of the PA gene polypeptide.

A reagent that modulates the activity of a PA polypeptide or a polynucleotide

wherein said reagent is identified by the method of the claim 7.

A pharmaceutical composition, comprising:
the expression vector of claim 2 or the reagent of claim 8 and a pharma-

ceutically acceptable carrier.
Use of the reagent according to claim 8 for the preparation of a medicament.

A method for'determining whether a human subject has, or is at risk of
developing a cardiovascular disease, comprising determining the identity of
nucleotide variations as indicated in the sequences section of SEQ ID 1-10 of
the PA gene locus of the subject and where the SNP class of the SNP is
“CVD?” as can be seen from table 3; whereas a “risk” genotype has a risk ratio

of greater than 1 as can be seen from table 6.

A method for determining a patient's individual response to statin therapy,
including dfug efficacy and adverse drug reactions, comprising determining
the identity of nucleotide variations as indicated in the sequences section of
SEQID 1-10 Qf the PA gene locus of the subject and where the SNP class of
the SNP is “ADR”, “EFF” or both as can be seen from table 3; whereas the

probability for such response can be seen from table 6.

Use of the method according to claim 12 for the preparation of a medicament

tailored to suit a patient's individual response to statin therapy.
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16.
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- A kit for assessing cardiovascular status or statin response, said kit com-

prising
a) sequence determination primers and
b) sequence determination reagents,

wherein said primers are selected from the group comprising primers that
hybridize to polymorphic positions in human PA genes according to claim 1;
and primers that hybridize immediately adjacent to polymorphic positions in

human PA genes according to claim 1.

A kit as defined in claims 12 detecting a combination of two or more, up to

all, polymorphic sites selected from the groups of sequences as defined in

claim 1.

A kit for assessing cardiovascular status or statin response, said kit
comprising one or more antibodies specific for a polymorphic position
defined in claim 1 within the human PA gene polypeptides and combinations

of any of the foregoing.
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. 'SEQUENCE. LT

<110> Baye

<120> QGenetic Polymorphismg as Predictive Diagnostics for ADR and Drug

Efficacy

<130> LeA3

<160> 10

<170>

<210> 1
<211> 1001
<212> DNA
<213>

<220>
<221> vari
<222> {501

<223>

<400> 1
attaggtaag

gaatccaaga
cagataactc
gaggattgat
gaacttecagg
tcagaagaga
ttgettgget
catcctccaa

acctcagcac

STING,

r AG

6563

Homo Sapiens

ation

) .. (501)

tgtgggaaac
aatggcacta
ataaactctt
ttgtgtgtga
aaaatctcta
agacctaagg
ccattecagt
tatttgaatt

tttgggagac

PatentIn version 3.1

baySNP1274, G501C

agacctgacce
actaaaacaa
tttatttata
ttaaattaaa
ttggtcaaaa
cctactcettg
tactttaatg
caaatgaagg

saaggcagga

1/10

tggacaaagg
ccagatctgg
aactttgatt
gcatttctat
ttggtccttce
aagccaaggyg
agctgatget
atcagctggg

gggttgcecectg

ggtattctga
atttcaaaac
tgctcttget
actgtatcat
aggatctgaa
tgtaraacat
ctecatgttgg

catggtagct

agcccaggag

PCT/EP2004/000884

aaagccacct

atgtattgtg

tttgttattt.

caaaaaagaa
aactagttcc
acctectttgt
ccecttetge
catgcctgta

ttcaagacca

60

120

180

240

300

360

420

480

540



WO 2004/069867 PCT/EP2004/000884
2/10

‘gcctgggcoaa catagcaaga ctteatattc acaaattttt tttttaatta gqctggtgtgf 600
gfggéacaca cctgtégtct cagétaattg ggagaﬁfgag gtaagagaat tgéttgaécc 660
tgggagatca agactgtagt gagctgtgat tgcaccactg cactccagec tagatgacac 720
agcctgtctc aaaaaccaaa caaacaacaa caacaacaaa atactacaga ctcataggea 780
atttacccac tctggacaca gtgtcttatc aaacacaagt ctcacctcte cagaacatgg 840
caggacacat agatttcaaa gtcttcaata ttttgctcce atacattcaa tgaattctca 900
agaggaacta atccaatgag tatagtttca agtcaccagc tagatatata accctggtag’ - 960
agaagtcaag gataacagcc atgtttcagg cagaataaaa c 1001
<210> 2
<211> 1002
<212> DNA
<213> Homo Sapiens
<220>
<221> misc_feature
<222> (523)..(523)
<223> TUnsure
<220>
<221> variation
<222> (501)..(501)
<223> baySNP5002, G501Aa
<400> 2
tggaggtggt gcccataata gccaagtget tggagggcat gaaggtggct gcaaatgetg 60
tggatcccaa 'gaacgtgggt gcctggtctg ggtccactgg gectacgggaa gggcagaggg 120
aggtmcccat aggctaggea ctcgactget catccactgt ccccoctccce caggactccce 180
acgtccttat agagctgcac aagtcaggtt ttgccégccc gggcgacgtg gaattcgagg 240
acttecagcca geccatgaac cgtgcaccet ccgacagecag tctgggcace cceteggatg 300
gacggcctga actccgagge ccgggtcgea gccgcaccaa gegetggect tttggeaaga 360
égaacaaggt gggggceggg acccttggga tggtggggga gaaggacagt gaagtgggga 420
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3/10
cagtggggec cctattgagt cagecccage cgectgaacg cegagtcycg ggcaggaatt 480
tﬁcctcttég ctgécagccc rgactgéagg gaaégaaggéxggnccgattg gcctéggagt , 540.
ccecegagge gaaggcgggg geagggtggg gaggtgggga ggtcegtgge gtttgtetge 600
tgcttctegg gatgctggga gaaaacctge tggtggaatt cagggetgge ctgagggctg 660
gtgacaccat ccctggggac tccccgagtt tetctcteca tcoectgetgat gggactctgg 720
gagcegcect geatgtettg ctttettggg tttttggatt ttaatatacce ttagecaccct 780
tggtttatac ctttgattta tactttgggt cecctettecac ttacactcte atacctcetcec 840
ttgacttaac acctgtgatc cccgagetta aaéttctgat gcecectaacce cctcecteattt 900
tcetgectte cactccetet cggettgtgg ttttattttt gtttatttat ttttgtecte 960
tgtggcctcet tacctgtetg agaccttgat tcctgeatge gt 1002
<210> 3
<211> 1001
;212> DNA
<213> Homo Sapiens
<220>
<221> wvariation
<222> (501)..(501)
<223> baySNP7551, T501C
<400> 3
aaaatggtga agaccccctg ctttgttetg ageccectrca cctaccatgt gttccegtgg 60
ctcecagtete ggegtgttga tgctgagetg aatctttgat atctcaacge tgetgteatc 120
ctcattgtgg cccaggacag ccctcagtct ttcagaaate actgccacct gtgccgatat 180
aactgcgaag gaagaaacta gttagggatg acaagaaccc cgaaaggagg gatacagctg 240
cggcctagag agctcegect ccegtcaagt acgattccac ggatecctget gactgcacac 300
atcccccage caggtgctga acaccagtgt ttgttegece cgcaggattt gcageccttgt 360
ggtgcagcat gtgtcatggce aaatggggce agacgccatc cactaccttt tectgattgg 420
ctgagagggg gacatgttca ttcaccaaca tgaacctccc catctgaaat cccatgccag 480
cccteccagac accacatctg yctaagegea tgccagaggt tccatgttgg ceccagggaaa 540
tgggccacac atagcccaac tacatcattt aaaggtgaaa accgetttge ttttagaaac 600

PCT/EP2004/000884
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aggactcgcc tgacatgtat caacctettg cttaagcact ggaacttttc ctccatgtec 660
éééaﬁgtacc acattctgca ééagccatca ttgaéfcécc ggaaggctgc actcaggaac 720
tggcgecactt ggtctgagtg aagaccgcca aggcgctgca gccccagcta gegctaacca 780
agctgtgtta acaytgccte catgeggage ttgcagtgag ctgagatcac gccactgeac 840
teccagectgg gtgacagage aagactccegt ctcaaaaaaa tatatatata tcacctcecat 900
gtaggccagg cacggtggct cacactgaaa tcccagcact ttgggaggcecc aacacaggtg 960
gatcacctga ggtcaggatt tcaaaaccag cctggccaac a 1001
<210> 4
<211> 926
<212> DNA
<213> Homo Sapiens
<220>
<221> misc_feature g
<222> (361)..(361)
<223> TUnsure
<220>
<221> variation
<222> (426)..(426)
<223> baySNP11142, C426G
<400> 4
gttacctgtt ttattcaatg aatgcataca tatatgtctt ctcttaaaga tatgtatgca 60
tctttggtat gatttcactt ttagctctft aagttaacca accattaatt ccagttgtac 120
tagataagag tcatcagctg tagaagtgac agtccagtct ttctttgcat ctcectcatcgg 180
gcataaaagt aaaccctgtt cataccccac atgaaacttt cttataaccce ccttettect 240
tttttctcat tcttctagat ttctgetctce tatccttaat agcacttatc‘ttgcctctcc 300
cacccctttk tettttgeccce cagagecatca ttctgagttt ggccacaget crttacaggg 360
ntctgectac tectggecctgg ggaagaaatg ggaaagaagt ctgaggacct tatggccatt 420
gcagtstttt ccttggecagt cecgagggaag cgggaggtga tgcatgtttt tacagcaage '480
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“atccttgtee
tééatacafé
caccaagctce
tcagctetge
aaaagataaa
ccataagaaa
agaatatatg

ccatccttag

<210> 5
<211> 1001
<212> DNA
<213> Homo
<220>
<221> vari
<222> (501
<2235 bayS

<400> 5
cctttacatt

ctctgectcee
cagagattcc
cttaaatttg
aatatcagaa
atatctcttg
ggtctgettc
gggaagagtt
tacaggtatg
tttatttgat
ttttacatwa

atgatgaatg

&tttacatte

tectgecteca
agagattcca
ttaaatttgt
atatcagaag
tatctecttge
gtctgcttea

ggaagagttt

Sapiens

ation
) .. (501)

NP11143

ctgtggagcet
aaatcctgag
aaaatcatat
tttttaaacc
gctattctat
ccaggacatt
agaagagttg
tgaagctaga
tggatcacct
éatégaatag
tcagtgecceccce

acttaaccta

tgtggagcte

aétcctgagé
aaatcatatt
ttttaaacca
ctattctatg
caggacatta
gaagagttge

gaagct

caggccteat
atcattgagce
tgctagaaag
aagccaaaag
gtgtgecettt
attgaggaag
cttetteget
aaatcatttt
rccactgttt
tcaactacca
tagtctactt

tggtcecttcta

5/10

aggcctcatg
tcattgégct
gctagaaaga
agccaaaagg
tgtgeccttte
ttgaggaagt

ttettegett

gcctggtect
tgcattctcet
aagttaagcce
gagacatcca
cagctgatgt
tcacagtagg
ttcaagccac
tgcatgaaca
acacaaaact
gcattcctat
cactaaggct

gagagcattt

cgtggtéctt

gcéttététt
agttaagcca
agacatccat
agctgatgtg
cacagtaggt

tcaagccaca

tgccagcecatce
tgccacctca
agtttcecatcc
tattatttte
gtgaagtgta
ttacattegt
aagctcagga
agaagagaat
gtcatatcac
aaacaaatct

ttaaaatagg

aggagcaccg

PCT/EP2004/000884

gccageatea
gccacctcag
gtttcatcce
attattttet
tgaagtgtaa
técattcgtg

agctcaggac

atccatacat
gcaccaagct
ctcagctctg
taaaagataa
accataagaa
gagaatatat
cccatccetta
gtgétcaaaa
ctgaaaatgt
gactgcatat
aagcattttg

cagatttgca

540

600

660

720

780

840

900

926

60

120

180

240

300

360

420

480

540

600

660

720
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cagatccacc
aatcatacct
ggcgtettag
gatttagccet

ttcaggagaa

<210> 6
<211>
<212> DNA

<213>

<220>
<221>
<222>

<223>

<400> 6
cagcaccaag

ccetcagete
tctaaaagat
taaccataag
gtgagaatat
gacccatcct
atgtggtcaa
acctgaaaat
ctgactgeat
ggaagcattt
cgcagatttg
gatcagagtt
tagatgttga
atgaaataaa

ttecatttagg

1001

tgctgecaac
gacttgééga
tttctgtget
ctctaagaat

accttcattc

Homo Sapilens

variation

(501)..(501)

ctcagagatt
tgcttaaatt
aaaatatcag
aaatatctct
atggtdtgct
tagggaagag
aatacaggta
gttttatttg
atttttacat
tgatgatgaa
cacagatcca
gaaatcatac
gtggcgtett
cagatttagc

ccttcaggag

Ctagttggac 
ctttacaatt
gttctagect
gtecttctacce

ccaatttttt

baySNP11144, T501A

ccaaaatcat
tgtttttaaa
aagctattct
tgccaggaca
tcagaagagt
tttgaagcta
tgtggatcac
ataatagaat
watcagtgee
tgacttaacc
cctgctgcca
ctgacttggg
agtttctgtyg
ctctctgaga

aaaccttcat

6/10

ccaaagggat ataccttgga tcagagttga

PCT/EP2004/000884

tggctttttt‘gtggttagta gatgttgagt

gaaagaacag gagaactaat gaaataaaca

ttetgtaatce tgtcactctt catttaggec

tgctataaat

attgctagaa
ccaagccaaa
atgtgtgect
ttattgagga
tgcettetteg
gaaaatcatt
ctreccactgt
agtcaactac
cctagtctac
tatggtcttce
acctagttgg
gactttacaa
ctgttctage
atgtcttcta

tccecaatttt

t

agaagttaag
aggagacatc
ttcagectgat
agtcacagta
ctttcaagee
tttgcatgaa
ttacacaaaa
cagcattcct
ttcactaagg
tagagagcat
acccaaaggg
tttggctttt
ctgaaagaac
ccttctgtaa

tttgectataa

ccagttteat
catattattt
gtgtgaagtg
ggttacattc
acaagctcag
caagaagaga
ctgtcatate
ataaacaaat
ctttaaaata
ttaggagcac
atataccttg
ttgtggttag
aggagaacta
tctgtcacte

attgttctta

780

' 840

200

960

1001

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



WO 2004/069867 PCT/EP2004/000884

7/10

'960

agtttgcatg acttgtctaa actttctgat tggcaggaga atttgccagg tttagatgtt
tctcttctgt atkcctatag cgceccectac cagtcaccac a 1001
<210> 7

<211> 1001

<212> DNA

<213> Homo Sapiens

<220>

<221> wvariation

<222> (501)..(501)

<223> DbaySNP11145, C501G

<400> 7

gaggggtaga aatttgcaat gggataaaat gcttgttagg tctaaaatgg ttccagaatt 60
aagttttagg actcegttge acatatccac cagytctgec tttetagaac acttgtttag 120
gttgtttktg acaatcttgc taaatatatt agcactatac aagagaatac caggatttcy 180
gtaacttaaa aaggattttg cttatcctaa agtaaacaaa tgtctttgta aaactagttc 240
tcaaatacat gctaatgcce taggttacag ctacatatct atgttegtgt gtattcaccce 300
catttcatag attactacag caagcaaaac ctagtgcctt cataccacat atgagtaacc 360
aggaaagact attgttttta ataaaccata ctcccatggt atctaattct tcttrtggac 420
taaactggtc tgtgaatttg tgattgtett gggeatatgt ggtaaatatt ctcaaagggt 480
aaaaatgttt gatactaatg sattcctaaa aygttgaatt atatatttgc atgecttgaa 540
rtaagtggaa gataaccatt aacaagaaac ttttttttca attacccagg ggttactctg 600
gtggttgatg ttaatcagtg tttggaagga aaaaaatcaa gtgatatttt gtctgtaﬁtg 660
aagtcttcca cttctaatge aaatgacata atcccggagt gtgetgacaa atactatgat 720
geccettgtga aggcaaaaga gctcaaatct gaaagaggta agttggtttg ttactttage 780
acaaactaag tattttaaat atcatttctg tggtattata ttttcttaat tttaagacaa 840
gtawtgcttt caaattaacr tttctgtaat tttttgtcat ctatggectaa ggaaattagg 900
aaaagtttta gatgtttctt tttagtttta gaaagectatg atgagctcag tggcaatata 960
tggatggcat taagaaaatg tcatatttga ggagtctgtg c 1001
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" <210 .8
<211>
<212>

<213>

<220>
<221>
<222>

<223>

<400> 8
attcttacct

rgagtttaat
gttaggtcta
tectgecttte
ctatacaaga
aacaaatgtc
atatctatgt
tgcectteata
catggtatct
atatgtggta
tgaattatat
ttttcaatta
aatcaagtga
cggagtgtge
gaggtaagtt
attatatttt

tgtcatectat

1001

DNA

Homo Sapiens

variation

(501)..(501)

ggaattaarg
gtgttttgtt
aaatggttcce
tagaacactt
gaataccagg
tttgtaaaac
tegtgtgtat
ccacatatga
aattcttcett
aatattctca
atttgeatgc
cccaggggtt
tattttgtct
tgacaaatac
ggtttgttac
cttaatttta

ggctaaggaa

baySNP11146, A501G

tgggaaataa
aatgaggagg
agaattaagt
gtttaggttg
atttcygtaa
tagttctcaa
tecaccccatt
gtaaccagga
rtggactaaa
aagggtaaaa
cttgaartaa
actctggtgg
gtattgaagt
tatgatgccce
tttagcacaa
agacaagtaw

attaggaaaa

8/10

ttcactaagt
ggtagaaatt
tttaggactc
tttktgacaa
cttaaaaagg
atacatgcta
tcatagatta
aagactattg
ctggtctgtg
atgtttgata
gtggaagata
ttgatgttaa
cttceactte
ttgtgaaggc
actaagtatt
tgctttcaaa

gttttagatg

taactttcct
tgcaatggga
cgttgcacat
tcttgctaaa
attttgcﬁta
atgececctagg
ctacagcaag
tttttaataa
aatttgtgat
ctaatgsatt
accattaaca
tcagtgtttg
taatgcaaat
aaaagagctce
ttaaatatca
ttaacrttte

t
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taggcaacca
taaaatgctt
atccaccagy
tatattagca
tcctaaagta
ttacagctac
caaaacctag
accatactcce
tgtcttggge
cctaaaaygt
agaaactttt
gaaggaaaaa
gacataatcc
aaatctgaaa
tttectgtggt

tgtaattttt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960

1001
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<2109
<211>
<212> DNA

<213>

<220>
<221>
<222>

<223>

<400> 9
ggtaaaactc

aggctcttcce
agagagggaa
tttcetatttg
ctctttagtt
cacctgcaac
agattatctc
taaagctgtm
cttttacttg
gcataagaga
gaaaaagatc
aacaattcca
cagatcactc
ctgaaaccac
ctgttgaagg
gctgcttaaa

ccaactccac

<210> 10
<211>

<212> DNA

1001

Homo Sapiens

variation

(501)..(501)

aggatttctg
tetetaacct
aataggatat
gtaggttgtyg
tgtgtacttt
ttaataatta
caactcttac
atattacaag
aaaggacacc
agttcactge
tectgggetta
cagtecttctt
cactggtcct
ataaggattt
tcayacaata
ctcattcteg

cacttttect

1001

baySNP11654, A501G

gctcttgagt
gggagatctc
cacgattggc
gggcaaatac
taaccaagga
taccattgté
tgttttaaaa
tttgttttcece
rtattttteca
atacaatcta
gaacactcta
ccaagacata
gggaaaagca
catcaaaacg
ggtggactecc
ggggagccat

gaggaccagc

9/10

ctecetgagge
atcaggtctg
tcaacaattc
atagctagcet
ctgegtatct
caccttatcc
ctcatgtgct
tattagaggt
cctaatccect
aggtctaaga
gaatacttga
ttcteccatag
yacggccaca
tgatgctacg
tctaggagat
gtgtccectg

ttatgttett

tettggatat
gggattggaa
cctgtgttaa
caggtgatga
cttgcettte
tcttttccea
tacttcaaat
ttccatttcce
caattttatt
tcceccaaaa
aattccttac
aactctttet
tcettgaacg
ggtagccteg
gaaaggagct
tggcactgge

c
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ctgggaccca
atgctgctcea
gagcggtect
aatctttcat
ttétggtttt
tattcaagaa
atttctgcac
atccatttat
ggtggggaag
tttecagecag
acagagagac
gtgttgggte
ttaccagtcc
tattttgtcc
tgagtggegg

cctgeeccecect

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1001
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10/10
'<213>" Homo Sapiens
<220>
<221> variation
<222> (501) ..(501)
<223> baySNP11655, C501A )
<400> 10
gagaagcact gcctagagga actgctgget cagggtgggt aacaccgttt ttgtcattcce 60

tcacctgtgt aggtaaaact caggatttct ggctecttgag tctcctgagg ctettggata 120
tctgggacce aaggctctte ctctctaacce tgggagatct catcaggtct ggggattgga 180
aatgctgcte aagagaggga aaataggata tcacgattgg ctcaacaatt ccctgtgtta 240
agagcggtce ttttctattt ggtaggttgt ggggecaaata catagctage tcaggtgatg 300
aaatctttca tctctttagt ttgtgtactt ttaaccaagg actgegtatc tecttgecttt 360
cttgtggttt tcacctgcaa cttaataatt ataccattgt acaccttatc ctcttttcecc 420
atattcaaga aagattatct ccaactctta ctgttttaaa actcatgtge ttacttcaaa 480
tatttctgeca ctaaagctgt matattacaa gtttgttttc ctattagagg tttccattte 540
catccattta tcttttactt gaaaggacac crtatttttc acctaatccc tcaattttat 600

tggtggggaa ggcataagag aagttcactg catacaatct aaggtctaag atcccccaaa 660

atttccagca ggaaaaagat ctctgggectt agaacactct agaatacttg aaattcctta 720
cacagagaga caacaattcc acagtcttct tccaagacat attctceccata gaactcttte 780
tgtgttgggt ccagatcact ccactggtcc tgggaaaagc ayacggccac atccttgaac 840

gttaccagtc cctgaaacca cataaggatt tcatcaaaac gtgatgctac gggtagcectce 900
gtattttgte cctgttgaag gtcayacaat aggtggactc ctctaggaga tgaaaggagce 960

ttgagtggeg ggctgettaa actcattcte gggggagcca t 1001
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