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(57) ABSTRACT

The present invention concerns a method of determining a
predisposition to atrial fibrillation (AF) in a subject compris-
ing: determining the presence of at least one copy of a risk
allele from at least one polymorphic marker in a sample from
the subject, wherein the presence of at least one copy of the
risk allele is indicative of a predisposition to AF, and wherein
said at least one polymorphic marker is: a) rs4674485; b)
rs1466560; c) rs1880039; d) rs3849387; e) rs7039; f)
rs2952860; g) rs9312515; h) rs1897527; 1) rs2299277; j)
rs2418828;k) rs2385833;1) rs6717960; m) rs10510266; or n)
a substitute polymorphic marker in linkage disequilibrium
with any one of the polymorphic markers of a) to m). Also
described are kits for determining a predisposition to atrial
fibrillation (AF).
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METHOD OF DETERMINING A
PREDISPOSITION TO ATRIAL
FIBRILLATION (AF) IN A SUBJECT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of U.S. provisional
application Ser. No. 61/360,987, filed on Jul. 2, 2010. The
document above is incorporated herein in its entirety by ref-
erence.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] N.A.

FIELD OF THE INVENTION

[0003] The present invention relates to the identification of
polymorphisms and clinical parameters associated with an
increased risk of suffering from atrial fibrillation (AF) and
prognostic methods derived therefrom. The present invention
also concerns a method for identifying compounds for the
prevention of AF.

REFERENCE TO SEQUENCE LISTING

[0004] Pursuantto 37 C.F.R. 1.821(c), a sequence listing is
submitted herewith as an ASCII compliant text file named
87581-01_ST25, created on Jul. 5, 2011 and having a size of
6.99 Kb kilobytes. The content of the aforementioned file is
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
Introduction

[0005] AF is the most common clinically significant
arrhythmia, with a current prevalence in the US of 2.3 million
cases and an estimated increase in prevalence so as to reach
15.9 million by the year 2050." AF is associated with a 5-fold
increased risk for stroke,? and independent of coexisting dis-
eases, the presence of AF increases the risk for all-cause
mortality.® For instance, in the Action in Diabetes and Vascu-
lar Disease (ADVANCE) study®, AF was associated with a
61% greater risk of all-cause mortality and comparable
higl}‘er risks of cardiovascular death, stroke, and heart fail-
ure.

[0006] There is strong evidence that indicates that genetic
factors play a role in the development of AF (reviewed in *).
For instance, in the Framingham cohort, history of AF in at
least 1 parent increased the risk of AF in the offspring by
almost two-fold.” Moreover, several monogenic forms of the
disease bearing mutations in KCNQ1® and KCNE2° genes
have been described, and linkage studies have also identified
several loci in families with AF.’%'! At a population level, it
has been found that up to 80% of individuals with AF are
related to some degree to another individual with AF.'? In
addition, recent genome wide association studies (GWAS)'*
14 have identified single nucleotide polymorphisms (SNPs)
associated with higher susceptibility to develop AF. The
prevalence of these genetic variants'*'# in the HapMapm™
population with ancestry from northern and western Europe
(HapMap-CEU) ranges from 0.11 to 0.38,'* and the associ-
ated risk for carriers may increase up to 2.3 times."?

[0007] Incontrast to monogenic disorders, which may be a
rare cause of the disease in the general population, genetic
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risk variants that confer predisposition/susceptibility to com-
mon forms of AF (e.g., SNPs) may be highly prevalent in the
general population. Genetically predisposed individuals may
then develop the disease when exposed to certain, triggering
environmental factors.

[0008] Hypertension is the most common condition asso-
ciated with AF, being present in more than 50% of cases.'® AF
occurs more often in hypertensive subjects with associated
cardiac structural abnormalities such as left ventricular
hypertrophy. However, not all hypertensive individuals,
including those with similar blood pressure or alterations in
cardiac structure develop this arrhythmia.®'” Currently, it is
uncertain if there are genetic variants that may increase the
risk of AF in hypertensive individuals and whether these
genetic factors interact with other clinical or metabolic risk
factors for AF. Thus, a multivariate approach including neu-
roendocrine and genetic markers would add meaningful
information to traditional risk factors.

[0009] Due to the nature of paroxysmal AF (generally
defined by recurrent episodes that self terminate in less than
7-days) it can be very difficult to diagnose. When the patient
seeks medical attention due to disease-related symptoms,
such as palpitations, chest pain, shortness of breath, dizzi-
ness, heart failure, transient ischemic attacks or even stroke,
normal heart rhythm may already be restored precluding
diagnosis of the arrhythmia. In these cases cardiac rhythm
monitoring is frequently applied in the attempt to diagnose
the condition. The cardiac rhythm is commonly monitored
continuously for 24 to 48 hours. Unfortunately AF episodes
are unpredictable and frequently missed by this approach.
The opportunity to diagnose the arrhythmia, institute recom-
mended therapy, and possibly prevent a debilitating first or
recurrent stroke may be missed with devastating results to the
patient. Prolonged and more complex cardiac rhythm moni-
toring measures are available and applied occasionally when
the suspicion of AF is very strong. These tests are expensive,
the diagnostic yield with current approach is often low, and
they are used sparingly for this indication.

[0010] Thus, there remains a need for an understanding of
the factors leading to increased predisposition to AF and/or
stroke.

[0011] The present description refers to a number of docu-
ments, the content of which is herein incorporated by refer-
ence in their entirety.

SUMMARY OF THE INVENTION

[0012] The present invention relates to the discovery that
certain polymorphic markers are associated with AF and indi-
rectly with a risk of stroke. In addition, the present invention
relates to the discovery that these polymorphic markers, when
associated with particular clinical and neuroendocrine fac-
tors, increase the specificity of the diagnostic method and
therefore, the likelihood to identify subjects at higher risk of
developing AF.

[0013] The identification of genetic markers as well as
other factors (e.g., clinical factors and neuroendocrine fac-
tors) is useful in identifying which subjects are at particularly
high risk for AF and thus subsequent stroke. In addition,
prophylactic/preventive treatment can be administered to
subjects which are most at risk of AF. Finally, the identifica-
tion of genetic factors associated with AF can lead to the
identification of new targets for prevention and treatment of
AF, as well as the development of novel therapeutic/prophy-
lactic measures.
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[0014] Accordingly, the present invention relates to a
method of determining a predisposition to atrial fibrillation
(AF) in a subject comprising: determining the presence of at
least one copy of a risk allele from at least one polymorphic
marker in a sample from the subject, wherein the presence of
at least one copy of the risk allele is indicative of a predispo-
sition to AF, and wherein said at least one polymorphic
marker is: a) rs4674485; b) rs1466560; ¢) rs1880039; d)
rs3849387; e) rs7039; f) rs2952860; g) rs9312515; h)
rs1897527; 1) rs2299277; j) rs2418828; k) rs2385833; 1)
rs6717960; m) rs10510266; or n) a substitute polymorphic
marker in linkage disequilibrium with any one of the poly-
morphic markers of a) to m).

[0015] The present invention also describes a method of
determining a susceptibility or predisposition to atrial fibril-
lation (AF) in a subject comprising: comparing at least one
polymorphic marker in a sample from the subject to a refer-
ence sequence or control sample, wherein a difference
between at least one copy of an allele of the polymorphic
marker from the subject as compared to the reference
sequence or control sample is indicative of a susceptibility to
AF and wherein said at least one polymorphic marker is: a)
rs4674485; b) rs1466560; c) rs1880039; d) rs3849387; e)
rs7039; 1) rs2952860; g) rs9312515; h) rs1897527; 1)
rs2299277; j) rs2418828; k) rs2385833; 1) rs6717960; m)
rs10510266; and n) a substitute polymorphic marker in link-
age disequilibrium with any one of the polymorphic markers
of'a) to m).

[0016] Inanembodiment, the method of the present inven-
tion comprises comparing a sequence of at least one polymor-
phic marker from the subject to a reference sequence not
associated with AF. In an embodiment, the above-mentioned
reference sequence or control sequence is from an hyperten-
sive subject (or subjects) not susceptible to AF (i.e. as iden-
tified by other known predictors (e.g., clinical and/or neu-
roendocrine predictors such as a higher left atrial volume,
and/or a higher pulse pressure and/or a lower ANP level, etc.).
In an embodiment, the reference sequence or control
sequence is from a normotensive subject (or subjects) not
susceptible to AF.

[0017] In an embodiment of the method of the present
invention, the sample is a nucleic acid sample. In another
embodiment, the sample is a protein sample.

[0018] In an embodiment of the method of the present
invention, the reference sequence is a nucleic acid sequence
comprising the sequence of: a) SEQ ID NO:2 for the poly-
morphic marker rs4674485; b) SEQ ID NO:4 for the poly-
morphic marker rs1466560; ¢) SEQ ID NO:14 for the poly-
morphic marker rs1880039; d) SEQ ID NO:15 for the
polymorphic marker rs3849387; e) SEQ ID NO:10 for the
polymorphic marker rs7039; f) SEQ ID NO:17 for the poly-
morphic marker rs2952860; g) SEQ ID NO:19 for the poly-
morphic marker rs9312515; h) SEQ ID NO:22 for the poly-
morphic marker rs1897527; i) SEQ ID NO:23 for the
polymorphic marker rs2299277; j) SEQ ID NO:25 for the
polymorphic marker rs2418828; k) SEQ ID NO:6 for the
polymorphic marker rs2385833; 1) SEQ ID NO:7 for the
polymorphic marker rs6717960; m) SEQ ID NO:11 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

[0019] In an embodiment of method of the present inven-
tion, the risk allele comprises the nucleic acid sequence of: a)
SEQ ID NO:27 for the polymorphic marker rs4674485; b)
SEQ ID NO:28 for the polymorphic marker rs1466560; c)
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SEQ ID NO:33 for the polymorphic marker rs1880039; d)
SEQ ID NO:34 for the polymorphic marker rs3849387; e)
SEQ ID NO:31 for the polymorphic marker rs7039; f) SEQ
ID NO:32 for the polymorphic marker rs2952860; g) SEQ ID
NO:37 for the polymorphic marker rs9312515; h) SEQ ID
NO:38 for the polymorphic marker rs1897527; i) SEQ ID
NO:35 for the polymorphic marker rs2299277; j) SEQ 1D
NO:36 for the polymorphic marker rs2418828; k) SEQ ID
NO:29 for the polymorphic marker rs2385833; 1) SEQ ID
NO:30 for the polymorphic marker rs6717960; m) SEQ ID
NO:39 for the polymorphic marker rs10510266; or n) a
complement of any one of a) to m).

[0020] In a related aspect, the risk allele of the present
invention comprises the nucleic acid sequence of: a) SEQ ID
NO:1 for the polymorphic marker rs4674485; b) SEQ ID
NO:3 for the polymorphic marker rs1466560; ¢) SEQ ID
NO:13 for the polymorphic marker rs1880039; d) SEQ ID
NO:16 for the polymorphic marker rs3849387; e) SEQ ID
NO:9 for the polymorphic marker rs7039; f) SEQ ID NO:18
for the polymorphic marker rs2952860; g) SEQ ID NO:20 for
the polymorphic marker rs9312515;h) SEQID NO:21 for the
polymorphic marker rs1897527; i) SEQ ID NO:24 for the
polymorphic marker rs2299277; j) SEQ ID NO:26 for the
polymorphic marker rs2418828; k) SEQ ID NO:5 for the
polymorphic marker rs2385833; 1) SEQ ID NO:8 for the
polymorphic marker rs6717960; m) SEQ ID NO:12 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

[0021] Inanembodiment, the method comprises determin-
ing the presence of a reference allele or reference sequence in
asample by determining the presence of at least one polypep-
tide or protein encoded by a nucleic acid sequence compris-
ing the nucleic acid sequence of: a) SEQ ID NO:2 for the
polymorphic marker rs4674485; b) SEQ ID NO:4 for the
polymorphic marker rs1466560; ¢) SEQ ID NO:14 for the
polymorphic marker rs1880039; d) SEQ ID NO:15 for the
polymorphic marker rs3849387; ) SEQ ID NO:10 for the
polymorphic marker rs7039; f) SEQ ID NO:17 for the poly-
morphic marker rs2952860; g) SEQ ID NO:19 for the poly-
morphic marker rs9312515; h) SEQ ID NO:22 for the poly-
morphic marker rs1897527; i) SEQ ID NO:23 for the
polymorphic marker rs2299277; j) SEQ ID NO:25 for the
polymorphic marker rs2418828; k) SEQ ID NO:6 for the
polymorphic marker rs2385833; 1) SEQ ID NO:7 for the
polymorphic marker rs6717960; m) SEQ ID NO:11 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

[0022] Inanembodiment, the method comprises determin-
ing the presence of the risk allele in the sample by determin-
ing the presence of at least one polypeptide or protein asso-
ciated with a predisposition to AF encoded by a nucleic acid
sequence comprising the nucleic acid sequence of: a) SEQ ID
NO:27 for the polymorphic marker rs4674485; b) SEQ ID
NO:28 for the polymorphic marker rs1466560; ¢) SEQ ID
NO:33 for the polymorphic marker rs1880039; d) SEQ ID
NO:34 for the polymorphic marker rs3849387; ) SEQ ID
NO:31 for the polymorphic marker rs7039; f) SEQ ID NO:32
for the polymorphic marker rs2952860; g) SEQ ID NO:37 for
the polymorphic marker rs9312515;h) SEQ ID NO:38 for the
polymorphic marker rs1897527; i) SEQ ID NO:35 for the
polymorphic marker rs2299277; j) SEQ ID NO:36 for the
polymorphic marker rs2418828; k) SEQ ID NO:29 for the
polymorphic marker rs2385833; 1) SEQ ID NO:30 for the
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polymorphic marker rs6717960; m) SEQ ID NO:39 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

[0023] Inanembodiment, the method comprises determin-
ing the presence of the risk allele in the sample by determin-
ing the presence of at least one polypeptide or protein asso-
ciated with a predisposition to AF encoded by a nucleic acid
sequence comprising the nucleic acid sequence of: a) SEQ ID
NO:1 for the polymorphic marker rs4674485; b) SEQ ID
NO:3 for the polymorphic marker rs1466560; ¢) SEQ ID
NO:13 for the polymorphic marker rs1880039; d) SEQ ID
NO:16 for the polymorphic marker rs3849387; e) SEQ ID
NO:9 for the polymorphic marker rs7039; f) SEQ ID NO:18
for the polymorphic marker rs2952860; g) SEQ ID NO:20 for
the polymorphic marker rs9312515;h) SEQ ID NO:21 for the
polymorphic marker rs1897527; i) SEQ ID NO:24 for the
polymorphic marker rs2299277; j) SEQ ID NO:26 for the
polymorphic marker rs2418828; k) SEQ ID NO:5 for the
polymorphic marker rs2385833; 1) SEQ ID NO:8 for the
polymorphic marker rs6717960; m) SEQ ID NO:12 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

[0024] In an embodiment of the method of the present
invention, the at least one polymorphic marker comprises
rs4674485. In an embodiment, the at least one polymorphic
marker comprises rs1466560. In another embodiment, the at
least one polymorphic marker is at least one substitute poly-
morphic marker in linkage disequilibrium with any one of the
polymorphic markers of a) to j).

[0025] In an embodiment of the present invention the at
least one substitute polymorphic marker is rs2385833 or
rs6717960, wherein rs2385833 or rs6717960 are in linkage
disequilibrium with rs4674485. In a embodiment, the at least
one substitute polymorphic marker is rs10510266, wherein
rs10510266 is in linkage disequilibrium with rs1466560.

[0026] In another aspect, the method of the present inven-
tion further comprises determining the presence of at least
one of: (a) pulse pressure; (b) left atrial volume; and (c) atrial
natriuretic peptide (ANP) concentration, wherein a higher
pulse pressure and/or left atrial volume as compared to nor-
motensive subjects or a decrease in ANP concentration as
compared to hypertensive individuals is indicative of an
increased risk of suffering from atrial fibrillation.

[0027] In arelated aspect, the present invention concerns a
method of determining a predisposition to atrial fibrillation
(AF) in a subject suffering from hypertension comprising
determining at least one of: (a) pulse pressure; (b) left atrial
volume; and (c) atrial natriuretic peptide (ANP) concentra-
tion, in said subject, wherein a higher pulse pressure and/or
higher left atrial volume and/or a lower concentration of ANP
as compared to an hypertensive subject not suffering from AF
is indicative of an increased risk of suffering from AF. In a
specific embodiment, the method determines at least left
atrial volume and at least one of pulse pressure; and atrial
natriuretic peptide.

[0028] In an embodiment of the present invention, the
decrease in ANP concentration is equivalent to the ANP con-
centration in normotensive individuals.

[0029] The determination of pulse pressure, left atrial vol-
ume and/or ANP concentration can be used alone or in com-
bination with the determination of the presence of one or
more of the above-mentioned polymorphic markers. The
determination of the presence of polymorphic markers and of
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one or more of pulse pressure, left atrial volume and ANP
concentration is advantageous as it increases the specificity of
the method.

[0030] In an embodiment of the method of the present
invention at least two of pulse pressure, left atrial volume and
ANP blood concentration are determined. In another embodi-
ment, pulse pressure, left atrial volume and ANP blood con-
centration (e.g., whole blood, plasma, serum) are determined.
[0031] In a particular embodiment of the method of the
present invention, AF is paroxysmal AF. In an embodiment,
the subject suffers from hypertension.

[0032] In one aspect, the method of the present invention
has a specificity of at least 80%. In an embodiment, the
method has a specificity of at least 85%.

[0033] Ina related aspect, the method of the present inven-
tion further comprises determining whether the subject is in
need of preventive medication.

[0034] In an embodiment, the method further comprises
assessing the subject’s probability of response to a therapeu-
tic agent for preventing and/or ameliorating symptoms asso-
ciated with AF and/or stroke.

[0035] Ina further aspect, the present invention concerns a
kit for practicing the method of the present invention.
[0036] Inanembodiment, the present invention relates to a
kit for determining a predisposition to atrial fibrillation (AF)
in a subject comprising: reagents for determining the pres-
ence of at least one copy of a risk allele from at least one
polymorphic marker in a sample from the subject (e.g., one or
more probes and/or primers for determining the presence of
one or more of the above-mentioned polymorphic markers
(risk allele or reference allele), wherein the presence of at
least one copy of the risk allele is indicative of a predisposi-
tion to AF and wherein the at least one polymorphic marker is:
a) rs4674485; b) rs1466560; ¢) rs1880039; d) rs3849387; e)
rs7039; ) rs2952860; g) rs9312515; h) rs1897527; 1)
1rs2299277; j) rs2418828; k) rs2385833; 1) rs6717960; m)
rs10510266; or n) a substitute polymorphic marker in linkage
disequilibrium with any one of the polymorphic markers of a)
to m). In an embodiment, the kit further comprises instruc-
tions for determining a predisposition to AF.

[0037] In an embodiment, the kit may comprise one or
more primers or probes for determining the presence of one or
more of the above-mentioned polymorphic markers (risk
allele or reference allele) as well as buffers or reagents for the
detection of amplification or hybridization products depend-
ing on the selected method.

[0038] In an embodiment, the kit of the present invention
comprises reagents for determining the presence of a refer-
ence sequence of a polymorphic maker of the present inven-
tion, wherein said reference sequence is not associated with
AF.

[0039] In an embodiment, the above-mentioned reference
sequence or control sequence is from an hypertensive subject
(or subjects) not susceptible to AF (i.e. as identified by other
known predictors (e.g., clinical and/or neuroendocrine pre-
dictors such as a higher left atrial volume, and/or a higher
pulse pressure and/or a lower ANP level, etc.). In an embodi-
ment, the reference sequence or control sequence is from a
normotensive subject (or subjects) not susceptible to AF.
[0040] Inanembodiment ofthekitofthe presentinvention,
the sample is a nucleic acid sample. In another embodiment,
the sample is a protein sample.

[0041] Inanembodiment ofthekitofthe presentinvention,
the reference sequence is a nucleic acid sequence comprising
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the sequence of: a) SEQ ID NO:2 for the polymorphic marker
rs4674485; b) SEQ ID NO:4 for the polymorphic marker
rs1466560; ¢) SEQ ID NO:14 for the polymorphic marker
rs1880039; d) SEQ ID NO:15 for the polymorphic marker
rs3849387; e) SEQ ID NO:10 for the polymorphic marker
rs7039; f) SEQ ID NO:17 for the polymorphic marker
rs2952860; g) SEQ ID NO:19 for the polymorphic marker
rs9312515; h) SEQ ID NO:22 for the polymorphic marker
rs1897527; 1) SEQ ID NO:23 for the polymorphic marker
rs2299277; j) SEQ ID NO:25 for the polymorphic marker
rs2418828; k) SEQ ID NO:6 for the polymorphic marker
rs2385833; 1) SEQ ID NO:7 for the polymorphic marker
rs6717960; m) SEQ ID NO:11 for the polymorphic marker
rs10510266; or n) a complement of any one of a) to m).

[0042] Inanembodiment of the kit of the present invention,
the risk allele comprises the nucleic acid sequence of: a) SEQ
ID NO:27 for the polymorphic marker rs4674485; b) SEQ ID
NO:28 for the polymorphic marker rs1466560; ¢) SEQ ID
NO:33 for the polymorphic marker rs1880039; d) SEQ ID
NO:34 for the polymorphic marker rs3849387; ) SEQ ID
NO:31 for the polymorphic marker rs7039; f) SEQ ID NO:32
for the polymorphic marker rs2952860; g) SEQ ID NO:37 for
the polymorphic marker rs9312515; h) SEQ ID NO:38 for the
polymorphic marker rs1897527; i) SEQ ID NO:35 for the
polymorphic marker rs2299277; j) SEQ ID NO:36 for the
polymorphic marker rs2418828; k) SEQ ID NO:29 for the
polymorphic marker rs2385833; 1) SEQ ID NO:30 for the
polymorphic marker rs6717960; m) SEQ ID NO:39 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

[0043] In an embodiment, the risk allele comprises the
nucleic acid sequence of: a) SEQ ID NO:1 for the polymor-
phic marker rs4674485; b) SEQ ID NO:3 for the polymorphic
marker rs1466560; ¢) SEQ ID NO:13 for the polymorphic
marker rs1880039; d) SEQ ID NO:16 for the polymorphic
marker rs3849387; e) SEQ ID NO:9 for the polymorphic
marker rs7039; f) SEQ ID NO:18 for the polymorphic marker
rs2952860; g) SEQ ID NO:20 for the polymorphic marker
rs9312515; h) SEQ ID NO:21 for the polymorphic marker
rs1897527; 1) SEQ ID NO:24 for the polymorphic marker
rs2299277; j) SEQ ID NO:26 for the polymorphic marker
rs2418828; k) SEQ ID NO:5 for the polymorphic marker
rs2385833; 1) SEQ ID NO:8 for the polymorphic marker
rs6717960; m) SEQ ID NO:12 for the polymorphic marker
rs10510266; or n) a complement of any one of a) to m).

[0044] In an embodiment, the kit comprises reagents (e.g.,
an antibody) for determining the presence of at least one
polypeptide or protein, wherein the polypeptide or protein is
encoded by a nucleic acid sequence comprising the reference
sequence: a) SEQ ID NO:2 for the polymorphic marker
rs4674485; b) SEQ ID NO:4 for the polymorphic marker
rs1466560; ¢) SEQ ID NO:14 for the polymorphic marker
rs1880039; d) SEQ ID NO:15 for the polymorphic marker
rs3849387; e) SEQ ID NO:10 for the polymorphic marker
rs7039; f) SEQ ID NO:17 for the polymorphic marker
rs2952860; g) SEQ ID NO:19 for the polymorphic marker
rs9312515; h) SEQ ID NO:22 for the polymorphic marker
rs1897527; 1) SEQ ID NO:23 for the polymorphic marker
rs2299277; j) SEQ ID NO:25 for the polymorphic marker
rs2418828; k) SEQ ID NO:6 for the polymorphic marker
rs2385833; 1) SEQ ID NO:7 for the polymorphic marker
rs6717960; m) SEQ ID NO:11 for the polymorphic marker
rs10510266; or n) a complement of any one of a) to m).
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[0045] In another embodiment, the kit comprises reagents
(e.g., anantibody) for determining the presence ofat least one
polypeptide or protein is encoded by associated with a pre-
disposition to AF, wherein the polypeptide or protein is
encoded by a nucleic acid sequence comprising the nucleic
acid sequence of: a) SEQ ID NO:27 for the polymorphic
marker rs4674485; b) SEQ ID NO:28 for the polymorphic
marker rs1466560; ¢) SEQ ID NO:33 for the polymorphic
marker rs1880039; d) SEQ ID NO:34 for the polymorphic
marker rs3849387; e) SEQ ID NO:31 for the polymorphic
marker rs7039; f) SEQ ID NO:32 for the polymorphic marker
rs2952860; g) SEQ ID NO:37 for the polymorphic marker
rs9312515; h) SEQ ID NO:38 for the polymorphic marker
rs1897527; 1) SEQ ID NO:35 for the polymorphic marker
rs2299277; j) SEQ ID NO:36 for the polymorphic marker
rs2418828; k) SEQ ID NO:29 for the polymorphic marker
rs2385833; 1) SEQ ID NO:30 for the polymorphic marker
rs6717960; m) SEQ ID NO:39 for the polymorphic marker
rs10510266; or n) a complement of any one of a) to m).
[0046] In another embodiment, the kit comprises reagents
(e.g., anantibody) for determining the presence ofat least one
polypeptide or protein associated with a predisposition to AF,
wherein the polypeptide or protein is encoded by a nucleic
acid sequence comprising the nucleic acid sequence of: a)
SEQ ID NO:1 for the polymorphic marker rs4674485; b)
SEQID NO:3 for the polymorphic marker rs1466560; c) SEQ
ID NO:13 for the polymorphic marker rs1880039; d) SEQ ID
NO:16 for the polymorphic marker rs3849387; e) SEQ ID
NO:9 for the polymorphic marker rs7039; f) SEQ ID NO:18
for the polymorphic marker rs2952860; g) SEQ ID NO:20 for
the polymorphic marker rs9312515;h) SEQ ID NO:21 for the
polymorphic marker rs1897527; i) SEQ ID NO:24 for the
polymorphic marker rs2299277; j) SEQ ID NO:26 for the
polymorphic marker rs2418828; k) SEQ ID NO:5 for the
polymorphic marker rs2385833; 1) SEQ ID NO:8 for the
polymorphic marker rs6717960; m) SEQ ID NO:12 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

[0047] In an embodiment the kit of the present invention
comprises reagents for determining the presence of the poly-
morphic marker rs4674485. In an embodiment, the kit com-
prises reagents for determining the presence of rs1466560. In
another embodiment, the kit comprises reagents for deter-
mining the presence of at least one substitute polymorphic
marker in linkage disequilibrium with any one of the above-
mentioned polymorphic markers of a) to j).

[0048] Inan embodiment, the at least one substitute poly-
morphic marker is rs2385833 or rs6717960, wherein
rs2385833 or rs6717960 are in linkage disequilibrium with
rs4674485.

[0049] In an embodiment, the at least one substitute poly-
morphic marker is rs10510266, wherein rs10510266 is in
linkage disequilibrium with rs1466560.

[0050] In another aspect, the kit of the present invention
further comprises reagents and/or instructions for determin-
ing the presence of at least one of: (a) pulse pressure; (b) left
atrial volume; and (c) atrial natriuretic peptide (ANP) con-
centration in said subject.

[0051] In arelated aspect, the present invention concerns a
kit for determining a predisposition to atrial fibrillation (AF)
in a subject suffering from hypertension comprising reagents
and/or instructions for determining at least one of: (a) pulse
pressure; (b) left atrial volume; and (c) atrial natriuretic pep-
tide (ANP) concentration, in said subject. In a specific



US 2012/0065075 Al

embodiment, the kit comprises reagents and/or instructions
for determining left atrial volume and at least one of pulse
pressure; and atrial natriuretic peptide.

[0052] Thus, in accordance with the present invention, the
kit may comprises reagents and/or instructions for the deter-
mination of pulse pressure, left atrial volume and/or ANP
concentration alone or in combination with reagents for the
determination of the presence of one or more of the above-
mentioned polymorphic markers.

[0053] In an embodiment, the kit of the present invention
comprises reagents and/or instructions for determining at
least two of pulse pressure, left atrial volume and ANP blood
concentration (e.g., whole blood, plasma, serum). In another
embodiment, the kit comprises reagents and/or instructions
for determining pulse pressure, left atrial volume and ANP
blood concentration.

[0054] In a particular embodiment, the kit of the present
invention is for determining a predisposition to paroxysmal
AF. In an embodiment, the kit is for determining a predispo-
sition to AF in subject suffering from hypertension.

[0055] Reagents of the present invention include, but are
not limited to, oligonucleotide primers and probes for deter-
mining the presence of at least one copy of a risk allele or
reference sequence of at least one polymorphic marker of the
present invention. Alternatively, antibodies, ligands and sub-
strates may be used to detect polypeptides and proteins
encoded by a nucleic acid sequence comprising the polymor-
phic marker of the present invention.

[0056] Thus,inanembodiment, thekit ofthe present inven-
tion includes at least one oligonucleotide (e.g., primer or
probe) for determining the presence of at least one copy of a
risk allele of at least one polymorphic marker of the present
invention. In an embodiment, the kit includes at least one
oligonucleotide for determining the presence of at least one
copy of a reference allele of the polymorphic marker of the
present invention.

[0057] Thepresent invention further relates to the use of the
above-mentioned kit of the present invention, for determining
a predisposition to AF in a subject.

[0058] Inanembodiment of the present invention, the pres-
ence of at least one copy of an allele of at least two of the
above-mentioned polymorphic markers is determined. In an
embodiment, the presence of at least one copy of at least one
allele of at least three of the above-mentioned polymorphic
markers is determined. In an embodiment, the presence at
least one copy of at least one allele of at least four of the
above-mentioned polymorphic markers is determined. In an
embodiment, the presence of at least one copy of at least one
allele of at least five of the above-mentioned polymorphic
markers is determined. In an embodiment, the presence of at
least one copy of at least one allele of at least six of the
above-mentioned polymorphic markers is determined. In an
embodiment, the presence of at least one copy of at least one
allele of at least seven of the above-mentioned polymorphic
markers is determined. In an embodiment, the presence of at
least one copy of at least one allele of at least eight of the
above-mentioned polymorphic markers is determined. In an
embodiment, the presence of at least one copy of at least one
allele of at least nine of the above-mentioned polymorphic
markers is determined. In an embodiment, the presence of at
least one copy of at least one allele of all of the above-
mentioned polymorphic markers is determined.
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[0059] In a further embodiment, the presence of one or
more additional polymorphic markers (e.g., KCNQI,
KCNE2) orbiomarkers (e.g., clinical factors, neuroendocrine
factors, etc.) is determined.

[0060] Inanembodiment of the above-described methods,
a susceptibility to AF is identified by determining the pres-
ence in a sample from a subject of at least one allele of at least
one substitute polymorphic marker in linkage disequilibrium
with a) rs4674485; b) rs1466560; c) rs1880039); d)
rs3849387; e) rs7039; f) rs2952860; g) rs9312515; h)
rs1897527; 1) 152299277, or j) rs2418828.

[0061] Inparticular embodiments of the invention, linkage
disequilibrium (L.D) is defined by a specific quantitative cut-
off. As described in detail herein, linkage disequilibrium can
be quantitatively determined by measures such as r* and |D'l.
As a consequence, certain embodiments of the invention
relate to substitute markers in linkage disequilibrium by a
measure within a certain range specified by particular values
of r* and/or ID'I. In an embodiment, LD is characterized by
numerical values for r* of greater than 0.1. In another embodi-
ment, LD is characterized by numerical values for r* of
greater than 0.5. In another embodiment, LD is characterized
by numerical values for r* of greater than 0.8. In another
embodiment, LD is characterized by numerical values for r*
0f 0.9 or more.

[0062] Other cutoff values for r* are also contemplated, as
described in more detail herein.

[0063] Incertain embodiments, LD is characterized by cer-
tain cutoff values for r> and/or |D'|. In one such embodiment,
LD s characterized by values for r* and/or D'l of greater than
0.2 and 0.8, respectively. Other combinations and permuta-
tions of these or other measures of LD are possible to practice
the invention, and are also contemplated and within scope of
the invention.

[0064] In a particular embodiment, the above-mentioned
methods comprises determining the presence of at least one
of rs4674485 and rs1466560 or a substitute polymorphic
marker in linkage disequilibrium therewith. In an embodi-
ment, the substitute polymorphic marker in linkage disequi-
librium with rs4674485 is rs2385833 (wherein SEQ ID NO:6
is a reference sequence for this marker and wherein SEQ ID
NOs: 5 and 29 are risk variants for this marker) or rs6717960
(wherein SEQ ID NO:7 is a reference sequence for this
marker and wherein SEQ ID NOs: 8 and 30 are risk variants
for this marker). In an embodiment, the substitute polymor-
phic marker in linkage disequilibrium with rs1466560 is
rs10510266 (wherein SEQ ID NO:11 is a reference sequence
for this marker and wherein SEQ ID NOs: 12 and 39 are risk
variants for this marker).

[0065] The determination of the presence of an allele asso-
ciated with AF in a sample from a subject in accordance with
the present invention can be done using any suitable methods.
One non-limiting example is genotyping. Genotyping can be
performed by a variety of methods including allele-specific
probe hybridization, allele-specific primer extension, allele-
specific amplification, nucleic acid sequencing, 5'-exonu-
clease digestion, molecular beacon assay, oligonucleotide
ligation assay, size analysis, and single-stranded conforma-
tion analysis (SSCA).

[0066] Furthermore a variety of detection means may be
used, including, but not limited to, one or acombination of the
following: radiolabelling (e.g., **P, '*C, *H), antibody-based
detection, fluorescence, chemiluminescence, spectroscopic
methods (e.g., generation of a product with altered spectro-
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scopic properties), various reporter enzymes or proteins (e.g.,
horseradish peroxidase, green fluorescent protein), specific
binding reagents (e.g., biotin/(strept)avidin), and others.
[0067] Other examples of suitable methods used to detect
or quantify altered gene, RNA or protein expression or
sequence include: amplification and/or binding to specific
ligands (such as antibodies), Southern blot (for DNAs),
Northern blot (for RNAs), single-stranded conformation
analysis (SSCA), pulse field gel electrophoresis (PFGE),
fluorescent in situ hybridization (FISH), gel migration,
clamped denaturing gel electrophoresis (CDGE), heterodu-
plex analysis, RNase protection, chemical mismatch cleav-
age, ELISA, radio-immunoassays (RIA) and immuno-enzy-
matic assays (IEMA).

[0068] Some of these approaches (e.g., SSCA and CDGE)
are based on a change in electrophoretic mobility of the
nucleic acids, as a result of the presence of an altered
sequence. According to these techniques, the altered
sequence is visualized by a shift in mobility on gels. The
fragments may then be sequenced to confirm the alteration.
Some others are based on specific hybridization between
nucleic acids from the subject and a probe specific for wild-
type or altered gene or RNA. The probe may be in suspension
or immobilized on a substrate. The probe is typically labeled
to facilitate detection of hybrids. By “specific hybridization”
is intended a hybridization under stringent conditions which
allows to detect distinctively the desired allele (risk allele/
sequence or reference allele/sequence) as opposed to a non-
specific hybridization which cannot distinguish the risk allele
(sequence) from the reference allele (sequence).

[0069] Some ofthese approaches are particularly suited for
assessing a polypeptide sequence or its expression level, such
as Western blot, immunoblot, enzyme-linked immunosorbant
assay (ELISA), radioimmunoassay (RIA), immunoprecipita-
tion, surface plasmon resonance, chemiluminescence, fluo-
rescent polarization, phosphorescence, immunohistochemi-
cal analysis, matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) mass spectrometry, microcytometry,
microarray, microscopy, fluorescence activated cell sorting
(FACS), flow cytometry, and assays based on a property of the
protein including, but not limited to, DNA binding, ligand
binding, or interaction with other protein partners. The latter
requires the use of a ligand specific for the polypeptide, more
preferably of a specific antibody.

[0070] Amplification may be performed according to vari-
ous techniques known in the art, such as by polymerase chain
reaction (PCR), ligase chain reaction (LCR), strand displace-
ment amplification (SDA) and nucleic acid sequence based
amplification (NASBA). These techniques can be performed
using commercially available reagents and protocols. Pre-
ferred techmques use allele-specific PCR or PCR-SSCP.
Amplification usually requires the use of specific nucleic acid
primers, to initiate the reaction.

[0071] As indicated above, the present invention describes
methods whereby the detection of particular alleles of par-
ticular polymorphic markers, combined or not with the
assessment of certain clinical and/or neuroendocrine markers
is indicative of a susceptibility to AF and/or indirectly to
stroke. Such prognostic or predictive assays can also be used
to determine a prophylactic treatment for AF or stroke priorto
the onset of symptoms associated therewith.

[0072] Accordingly, in an embodiment, the above-men-
tioned method further comprises classifying the test subject
based on its relative risk of suffering from AF. In an embodi-
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ment, the above-mentioned method further comprises select-
ing an appropriate prophylactic treatment or drug for prevent-
ing AF. In another embodiment, the above-mentioned method
further comprises selecting an appropriate prophylactic treat-
ment or drug for preventing a stroke based on the suscepti-
bility (relative risk) of suffering from AF.

[0073] In an embodiment, the particular number of poly-
morphic markers of the present invention to be detected, their
specific combination and the number of clinical and/or neu-
roendocrine factors to be used in the above-described method
are selected to obtain a specificity which compensate for the
relative risk of not being administered a proper prophylactic
treatment to prevent stroke and/or AF. In general, the prophy-
lactic treatment (e.g., anticoagulants such as daiteparin (e.g.,
Fragmin™), danaparoid (e.g., Orgaran™), enoxaparin (e.g.,
Lovenox™), heparin (various), tinzaparin (e.g., Innohep™)
and warfarin (e.g., Coumadin™)) selected once a particular
risk of suffering from AF or stroke is determined should have
a lower relative risk (probability of occurrence of side effect
and/or gravity of side effects) than the risk of suffering from
AF or stroke. (i.e. risk of suffering from AF or stroke should
outweigh the risk (e.g., hemorrhaging) associated with pro-
phylactic treatment).

[0074] Thus in anembodiment, the specificity of the above-
mentioned method is at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 9.5% or at least 98%. In a
particular embodiment, the specificity of the above-men-
tioned method is at least 80%.

[0075] The methods of the present invention may further
comprise a step of administering to a subject identified as
being at increased risk of suffering from AF (or stroke) a
composition comprising at least one therapeutic or prophy-
lactic agent effective to treat or prevent AF (or stroke), or
prevent symptoms associated with AF (or stroke). Thus, the
present invention can be used to determine whether an indi-
vidual is suitable for a particular treatment regimen.

[0076] Inoneembodiment, the therapeutic agent is an anti-
coagulant, an anti-arrhythmic agent, or a heart rhythm control
agent.

[0077] In another embodiment, the therapeutic agent is at
least one of warfarin, heparin, low molecular weight hep-
arins, vitamin K antagonists, factor Xa inhibitors, factor Va
inhibitors, factor Villa inhibitors, thrombin inhibitors, class I
to V antiarrhythmic agents, sodium channel blockers, beta
blockers, potassium channel blockers, calcium channel
blockers, IKr blockers, IKs blockers, Ito blockers, Ikatp
blockers, RyR2 modifiers, 5-HT4 antagonists, IKAch block-
ers, multiple channel blockers, Ina blockers, ICal blockers,
Ikur blockers, gap junction modifiers, ximelagatran, aspirin,
enoxaparin, dalteparin, tinzaparin, ardeparin, nadroparin,
reviparin, fondaparinux, idraparinux, lepirudin, bivalirudin,
argatroban, lepirudin, dabigatran, ximelagatran, Tifacogin,
drotrecogin, razaxaban, apixaban, otamixaban, rivaroxaban,
betrixaban, LY517717, YM150, DU-176b, danaparoid, dis-
opyramide, moricizine, procainamide, quinidine, lidocaine,
phenytoin, encainide, mexiletine, tocainide, flecainide, pro-
pafenone, ajmaline, cibenzoline, detajmium, esmolol, pro-
pranolol, metoprolol, alprenolol, atenolol, carvedilol, biso-
prolol, penbutolol, acebutolol, nadolol, pindololol, labetalol,
oxprenotol, timolol, betaxolol, cartelol, sotalol, levobunolol,
dofetilide, E-4031, amiodarone, azimilide, bretylium, tedis-
amil, ibutilide, sematilide, N-acetyl procainamide, nifekalant
hydrochloride, vemakalant, Almokalant, clamikalant, drone-
darone, celivarone, ranolazine, GsMtx4, XEND0101/2, PM
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101, ATI-2042, AVE0118, AZD7009, BRL-32872, HMR
1556, HMR 1883, 1768673, S9947, S20951, NIP-141/142,
JTV519, GAP-134, RS-100302, Tecadenoson, Selodenoson,
pilsicainide, cariporide, eniporide, sabiporide, zoniporide,
pirfenidone, rotigaptide, dantrolene, ambasilide, verapamil,
mibefradil, Ersentilide, Trecetilide, diltiazem, digoxin,
adenosine, drofetilide, procainamide, amiodarone, pro-
fafenone and flecainide.

[0078] Other features of the present invention will become
more apparent upon reading of the following non-restrictive
description of specific embodiments thereof, given by way of
example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079] In the appended drawings:

[0080] FIG. 1 shows clinical and neuroendocrine predic-
tors of AF among hypertensive individuals after stepwise
multivariate logistic regression analysis. FIG. 1 A: Left atrial
volume (2-D echocardiogram); B: Pulse pressure; and C:
Atrial natriuretic peptide (ANP). FIGS. 1 A to C represent
means and 95% confidence intervals (95% CI). Normoten-
sive individuals (NT) are given as a reference. *P-value<0.01
for hypertensive individuals who developed AF (HT+AF) vs.
hypertensives without history of AF (HT);

[0081] FIG. 2 shows matrix correlation of clinical and neu-
rohormonal predictors of AF. FIG. 2A: matrix correlation
between pulse pressure and LA volume. FIG. 2B: matrix
correlation between ANP and LA volume. FIG. 2C: matrix
correlation between ANP and pulse pressure. (LA volume:
Left Atrial volume (ml/m?); pulse pressure (mmHg); ANP:
Atrial natriuretic peptide (fmol/ml)) among hypertensive
individuals with (square; HT+AF) or without (diamond; HT)
history of AF. Normotensive individuals (cross; NT) are pro-
vided as a reference. Line represents best linear fit of the data
for each respective group (HT+AF: full line; HF: scattered
line; NT: dotted line). Pearson correlatiOn coefficient for HT
patients (PP and ANP: 0.57; P<0.0001; PP and LA volume:
0.25; P<0.01; LA volume and ANP: 0.36; P<0.001) and for
HT+AF (PP and ANP: 0.01; P=0.6; PP and LA volume: 0.29;
P<0.01; LA volume and ANP: 0.15; P=0.1);

[0082] FIG. 3 shows the genomic context for rs4674485
[A/G] (chromosome 2q35) associated with development of
AF among hypertensives. Panel A shows probability of asso-
ciation (plotted as —log 10 p) for rs4674485 (The highest
p-value is indicated by vertical dotted lines) and surrounding
SNPs. Panel B shows LD pattern from HapMap™-CEU in a
region (dashed lines) +/-200 Kb around rs4674485 (Haplo-
view). Panel C shows LD information for SNPs in discovery
(rs4674485) and replication cohorts (rs6717960 or
rs2385833). Panel D shows quantitative trait loci (QTLs) in
rats coarsely mapped to humans (blood pressure QTL 34,
108, 185 and cardiac mass QTL28; source: UCSC Genome
Browser) and human QTLs (cardioskeletal myopathy,
601419 and dilated myopathy, 604765; source: PUBMED
OMIM database) for the region shown in (B) around
rs4674485. LOC10012: Hypothetical LOC100129746;
SLC4A3: Solute carrier family 4, anion exchanger, member;
STK111P: Serine/threonine kinase 11 interacting protein;
INHA: Inhibin, alpha; OBSL1: Obscurin-like 1;

[0083] FIG. 4 shows the genomic context for rs1466560
[G/T] (chromosome 3p26) associated with development of
AF among hypertensives. Panel A shows probability of asso-
ciation (plotted as —log 10 p) for rs4674485 (The highest
p-value indicated by vertical dotted lines) and surrounding
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SNPs. Panel B shows LD pattern from HapMap™-CEU in a
region (dashed lines)+/-200 Kb around rs1466560 (Haplov-
iew). Panel C shows LD information for SNPs in discovery
(rs1466560) and replication cohorts (rs10510266). Panel D
shows QTLs in rats coarsely mapped to humans (blood pres-
sure QTL 116; Cardiac mass QTL 18; Heart rate QTL 5;
Stress response QTL 4; source: UCSC Genome Browser) and
human QTLs (Hypertrophic cardiomyopathy 608751;
source: PUBMED OMIM database) for the region shown in
(B) around rs1466560. TRNT1: tRNA nucleotidyl trans-
ferase, CCA-adding, 1; IL5SRA: Interleukin 5 receptor, alpha;
CNTN4: Contactin 4; LRRN1: Leucine rich repeat neuronal

1 LOC10012: Locus100129198; LOC10013: Locus
100130207,
[0084] FIG. 5 shows ROC curves derived from logistic

models containing single or combined factors including clini-
cal (PP: pulse pressure), echocardiographic (LA vol; Left
atrial volume) or neuroendocrine predictors (ANP; Atrial
natriuretic peptide) with or without genetic information
(SNPs: single nucleotide polymorphisms; presence or
absence of any risk allele: rs4674485A or rs1466560G);
[0085] FIG. 6 shows various polymorphisms which are
associated with increased risk of developing AF together with
their flanking sequences. The alleles associated with an
increased risk of AF are identified in bold; and

[0086] FIG. 7 shows the possible sequences of the poly-
morphic markers of the present invention which exclude the
reference sequences not associated with a susceptibility to
AF.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0087] Inorder to identify new markers associated with AF,
the present inventors have conducted a genome wide associa-
tion analysis in a cohort of hypertensive subjects. The joint
effect of genetic, clinical and neuroendocrine factors for the
prediction of AF was also evaluated.

[0088] A case-control study of a hospital cohort of age- and
sex-matched hypertensives vs. those without history of par-
oxysmal AF was conducted using 50K Affymetrix™ Gene-
chips, and one million permutations were performed for top
associated SNPs. Replication studies were performed in a
larger cohort of participants in the ADVANCE study. ROC
curves were constructed to compare models containing clini-
cal (e.g., pulsed pressure and left atrial volume), neuroendo-
crine (e.g., ANP concentration) and/or genetic factors. Here,
the present inventors report the top 10 Single Nucleotide
Polymorphisms (SNPs) associated with an increased risk of
suffering from AF. Two SNPs (Combined-P): rs4674485A/G
(P=6.0x10"") and rs1466560G/T (P=1.0x10~°%) were selected
for final modeling. After stepwise logistic regression analy-
sis, pulse pressure, left atrial volume, atrial natriuretic peptide
and the risk alleles remained as independent predictors of AF.
The area under the curve for models containing only clinical
factors (pulse pressure and left atrial volume) was 0.75, clini-
cal and neuroendocrine (pulse pressure, left atrial volume and
atrial natriuretic peptide) 0.87 and joint clinical, endocrine
and genetic factors 0.90.

[0089] Results demonstrate that clinical, neuroendocrine
and genetic factors are independently associated with AF and
contribute to risk prediction. Genetic variants have an addi-
tive effect at all levels of risk determined by clinical factors.
[0090] The presentinvention provides additional risk strati-
fication with genetic testing. Understanding that the indi-
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vidual in question carries either a risk or a protective poly-
morphic marker can be an invaluable contribution to
diagnostic and/or treatment decision making. This way, in
some cases, unnecessary testing and therapy may be avoided,
and in other cases, with the help of more aggressive diagnos-
tic approach, AF may be diagnosed and/or proper therapy
initiated and later complications of disease diminished.

DEFINITIONS

[0091] As used herein, the terms “clinical factors” refer to
factors that are readily observable by a physician or other
medical practitioners, without being so limited, it includes
pulse pressure and left atrial volume.

[0092] As used herein, the terms “neuroendocrine factors”
relate to factors involving the interaction between the nervous
system and the hormones of the endocrine glands. Without
being so limited, it includes concentration of atrial natriuretic
peptide (ANP), serotonin, catecholamines and vasopressin.
[0093] As used herein, the terms “neurohormonal factors”
comprise any hormone produced and released by neurons
(includes serotonin, cathecholamine and vasopressin).

AF

[0094] The expression or term “atrial fibrillation™ or “AF”’
as used herein refers to atrial fibrillation (AF) as commonly
defined according to established medical criteria. Generally,
AF is characterized by an abnormal heart rhythm (cardiac
arrhythmia) which involves the two small, upper heart cham-
bers (the atria). Heart beat in a normal heart starts after elec-
tricity generated in the atria by the sinoatrial node spreads
through the heart and causes contraction of the heart muscle
and pumping of the blood. In AF, the regular electrical
impulses of the sinoatrial node are replaced by disorganized,
rapid electrical impulses which result in irregular heartbeat.
There is a lack of unity in the function of the contracting cells
of the heart muscle. AF is often asymptomatic but may result
in symptoms of palpitations, exercise intolerance, fainting,
shortness of breadth, chest pain or even heart failure. The
erratic motion of the atria leads to blood stagnation (stasis)
which increases the risk of blood clots that may travel from
the heart to the brain and cause a stroke.

[0095] AF is diagnosed on an electrocardiogram, an inves-
tigation performed routinely whenever irregular heart beat is
suspected. Characteristic findings include absence of P
waves, unorganized electrical activity in their place and
irregularity of R-R interval due to irregular conduction of
impulses to the ventricles. If paroxysmal AF is suspected,
episodes may be documented with the use of Holter monitor-
ing (continuous ECG recording for 24 hours or longer).
[0096] AF includes a) paroxysmal AF which is generally
defined by recurrent episodes that self terminate in less than 7
days; b) persistent AF which comprises recurrent episodes
that last 7 days or more; and ¢) permanent AF which includes
an ongoing long term episode.

Polymorphism, Variants and SNPs

[0097] The genome exhibits sequence variability between
individuals at many locations in the genome. Such variations
in sequence are commonly referred to as polymorphisms, and
there are many such sites within each genome. For example,
the human genome exhibits sequence variations which occur
on average every 500 base pairs.
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[0098] Themostcommon sequence variants consist of base
variations at a single base position in the genome, and such
sequence variants, or polymorphisms, are commonly called
Single Nucleotide Polymorphisms (“SNPs”). These SNPs are
believed to have occurred in a single mutational event, and
therefore there are usually two alleles possible at each SNP
site; the original allele and the mutated allele. Due to natural
genetic drift and possibly also selective pressure, the original
mutation has resulted in a polymorphism characterized by a
particular frequency of its alleles in any given population.
There may also exist SNPs that vary between paired chromo-
somes in an individual. Each individual is in this instance
either homozygous for one allele of the polymorphism (i.e.
both chromosomal copies of the individual have the same
nucleotide at the SNP location), or the individual is heterozy-
gous (i.e. the two sister chromosomes of the individual con-
tain different nucleotides). The SNP nomenclature as
reported herein refers to the official Reference SNP (rs) ID
identification tag as assigned to each unique SNP by the
National Center for Biotechnological Information (NCBI).
[0099] Many other types of sequence variants are found in
the human genome, including microsatellites, insertions,
deletions, inversions and copy number variations. A polymor-
phic microsatellite has multiple small repeats of bases (such
as CA repeats, TG on the complementary strand) at a particu-
lar site in which the number of repeat lengths varies in the
general population.

[0100] In general terms, each version of the sequence with
respect to the polymorphic site represents a specific allele of
the polymorphic site. These sequence variants can all be
referred to as polymorphisms occurring at specific polymor-
phic sites characteristic of the sequence variant in question. In
general terms, polymorphisms can comprise any number of
specific alleles.

[0101] In some instances, reference is made to different
alleles at a polymorphic site without choosing a reference
allele. Alternatively, a reference sequence can be indicated for
a particular polymorphic site. The reference allele is some-
times referred to as the “wild-type” allele and it usually is
chosen as either the first sequenced allele or as the allele from
a“non-affected” or control/reference individual (e.g., an indi-
vidual that does not display a trait or disease phenotype i.e.,
which does not suffer from AF).

Polymorphic Marker

[0102] A “polymorphic marker”, also referred to as a
“genetic marker”, as described herein, refers to a genomic
polymorphic site. Each polymorphic marker has at least two
sequence variations characteristic of particular alleles at the
polymorphic site. Thus, genetic association of AF to a poly-
morphic marker implies that there is association to at least one
specific allele of that particular polymorphic marker with AF.
The marker can comprise any allele of any variant type found
in the genome, including SNPs, microsatellites, insertions,
deletions, duplications and translocations. The polymorphic
marker, if found in a transcribed region of the genome can be
detected not only in genomic DNA but also in RNA. In
addition, if the polymorphism is found in the gene portion that
is translated into a polypeptide or protein, the polymorphic
marker can be detected at the protein/polypeptide level.

[0103] The polymorphic marker and its specific sequence
variation can be detected by various means such as by
sequencing the nucleic acid or protein. Alternatively, when
the polymorphism affects the function of the gene or of its
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translated protein/polypeptide, the biological activity can be
evaluated in order to identify which allele is present in the
subject’s sample. For example, if a particular risk allele
affects the enzymatic activity of the protein, then, the pres-
ence of the allele can be assessed by performing an enzymatic
test. Alternatively, if the risk allele affects the expression level
of a polypeptide or nucleic acid, then, the presence of the
allele can be determined by assessing the expression level
(e.g., Immunoassays, amplification assays, etc.) of such pro-
tein or polypeptide and comparing it to a reference level
which is considered not associated with AF.

[0104] An “allele” refers to the nucleotide sequence of a
given locus (position) on a chromosome. A polymorphic
marker allele thus refers to the composition (i.e., sequence) of
the marker on a chromosome. Genomic DNA from an indi-
vidual contains two alleles for any given polymorphic marker,
representative of each copy of the marker on each chromo-
some. A “risk allele”, a “susceptibility allele” or a “predispo-
sition allele” is an allele that is associated with an increased
risk (i.e. compared to a control/reference) or predisposition to
suffering from AF or stroke. Similarly, a risk polymorphic
marker or haplotype of the present invention is one where at
least one allele of at least one marker or haplotype is more
frequently present in an individual at risk for the disease or
trait (i.e. AF) (affected), compared to the frequency of its
presence in a reference/control group, and wherein the pres-
ence of the marker or haplotype is indicative of susceptibility/
predisposition to the disease (AF). Conversely, a “protective
allele” is a sequence variation of a polymorphic marker thatis
associated with a lower risk (i.e., compared to a control/
reference) or predisposition to suffering from AF or stroke.
[0105] A “haplotype” refers to a segment of DNA that is
characterized by a specific combination of alleles arranged
along the segment. For diploid organisms such as humans, a
haplotype comprises one member of the pair of alleles for
each polymorphic marker or locus. In a certain embodiment,
the haplotype can comprise two or more alleles, three or more
alleles, four or more alleles, five or more alleles, eight or more
alleles, or 10 or more alleles, each allele corresponding to a
specific polymorphic marker along the segment. Haplotypes
can comprise a combination of various polymorphic markers,
e.g., SNPs and microsatellites, having particular alleles at the
polymorphic sites. The haplotypes thus comprise a combina-
tion of alleles at various polymorphic markers.

[0106] A “nucleic acid associated with AF” as used herein
is a nucleic acid (e.g., genomic DNA or RNA) that comprises
a polymorphic marker of the present invention, or any sub-
stitute polymorphic marker in linkage disequilibrium there-
with, which is associated with AF. This nucleic acid may be of
any length as long as it comprises the polymorphic region that
is relevant to the determination of the presence or absence of
predisposition to AF (e.g., the polymorphic markers listed in
Table 4 or FIG. 6 or 7). For example, it can consist of a whole
gene sequence (including the promoter or any other regula-
tory sequence) or of a fragment thereof. Similarly, a
“polypeptide associated with AF” or a “protein associated
with AF” refers to a protein or polypeptide which is encoded
by a nucleic acid comprising a polymorphic marker of the
present invention, or any marker in linkage disequilibrium
therewith, which is associated with AF.

[0107] As used herein, the term “hypertension” refers to a
chronic medical condition in which the blood pressure is
elevated. It is also referred to as high blood pressure or short-
ened to HT. The word “hypertension”, by itself, normally
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refers to systemic, arterial hypertension. Without being so
limited, it typically refers to a systolic blood pressure (SBP)
>140 mmHg and/or diastolic blood pressure (DBP)>90
mmHg in untreated subjects.

[0108] The term “predisposition”, in the context of predis-
position to AF or stroke as described herein, encompasses
increased susceptibility/risk to develop AF. Thus, particular
polymorphic markers and/or haplotypes of the invention con-
stitute an indication of an increased susceptibility (predispo-
sition, i.e., increased risk) to AF or stroke in a subject (e.g., as
characterized by a relative risk (RR) or odds ratio (OR)
greater than one).

[0109] The term “susceptibility”, as described herein,
encompasses both increased susceptibility (predisposition)
and decreased susceptibility (protection). Thus, particular
polymorphic markers and/or haplotypes of the invention may
be characteristic of an increased susceptibility (predisposi-
tion) (i.e., increased risk) to AF or stroke, (e.g., as character-
ized by a relative risk (RR) or odds ratio (OR) greater than
one). Alternatively, the markers and/or haplotypes of the
invention are characteristic of a decreased susceptibility (i.e.,
decreasedrisk) of AF or stroke, (e.g., as characterized by aRR
or OR less than one).

[0110] The odds ratio (OR) is a measure of effect size,
describing the strength of association or non-independence
between two binary data values. The OR is the ratio of the
odds of an event occurring in one group to the odds of it
occurring in another group. These groups might be men and
women, an experimental group and a control group, or any
other dichotomous classification. An odds ratio of 1 indicates
that the condition or event under study is equally likely to
occur in both groups. An odds ratio greater than 1 indicates
that the condition or event is more likely to occur in the first
group.

Sample

[0111] The term “sample” as used herein refers to any type
of'biological sample in which the presence of a polymorphic
marker, or other markers (e.g., neuroendocrine factor or neu-
rohormonal factor) of the present invention (at the nucleic
acid level or at the protein level) may be determined, includ-
ing but not limited to, blood (including plasma and serum),
urine, saliva, amniotic fluid, tissue biopsy etc. The sample
may be a crude sample or a purified sample, it may be a
nucleic acid sample or a protein sample.

[0112] A “nucleic acid sample” is a sample that may con-
tains nucleic acids associated with AF according to the
present invention. In certain embodiments, i.e. the detection
of specific polymorphic markers and/or haplotypes, the
nucleic acid sample comprises genomic DNA. In other
embodiments, where the polymorphic marker is located in the
transcribed portion of a gene, the nucleic acid sample is RNA.
Such a nucleic acid sample can be obtained from any source
that contains nucleic acids, including for example a blood
sample (including plasma and serum) or tissue sample from
skin, muscle, buccal or conjunctival mucosa, gastrointestinal
tract or other organs. Similarly, a “protein sample” or a
“polypeptide sample” is a sample comprising polypeptides or
proteins associated with AF in accordance with the present
invention.

Reference and Control

[0113] The terms “reference sequence” and “control
sequence” are used herein interchangeably. Typically, a ref-
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erence sequence is referred to for a particular sequence. Alle-
les that differ from the reference sequence (e.g., sequence
found in an individual not suffering from AF; a sequence
found in an individual not suffering from hypertension) are
sometimes referred to as “variant” alleles (i.e. a sequence that
is associated with AF). A variant sequence, as used herein,
refers to a sequence that differs from the reference sequence
but is otherwise substantially similar. Alleles of the polymor-
phic markers described herein are variants. Additional vari-
ants can include changes that affect a polypeptide sequence.
Sequence differences, when compared to a reference nucle-
otide sequence, can include the insertion or deletion of a
single nucleotide, or of more than one nucleotide, resulting in
a frame shift; the change of at least one nucleotide, resulting
in a change in the encoded amino acid; the change of at least
one nucleotide, resulting in the generation of a premature stop
codon; the deletion of several nucleotides, resulting in a dele-
tion of one or more amino acids encoded by the nucleotides;
the insertion of one or several nucleotides, such as by unequal
recombination or gene conversion, resulting in an interrup-
tion of the coding sequence of a reading frame; duplication of
all or a part of a sequence; transposition; or a rearrangement
ofanucleotide sequence. Such sequence changes can alter the
polypeptide encoded by the nucleic acid. For example, if the
change in the nucleic acid sequence causes a frame shift, the
frame shift can result in a change in the encoded amino acids,
and/or can result in the generation of a premature stop codon,
causing generation of a truncated polypeptide. Alternatively,
a polymorphism associated with a disease or trait can be a
synonymous change in one or more nucleotides (i.e., a change
that does not result in a change in the amino acid sequence).
Such a polymorphism can, for example, alter splice sites,
affect the stability or transport of mRNA, or otherwise affect
the transcription or translation of an encoded polypeptide. It
can also alter DNA to increase the possibility that structural
changes, such as amplifications or deletions, occur at the
somatic level. The polypeptide encoded by the reference
nucleotide sequence is the “reference” polypeptide with a
particular reference amino acid sequence, and polypeptides
encoded by variant alleles are referred to as “variant”
polypeptides with variant amino acid sequences. A sequence
or a reference sequence can either represent the (+) or (=)
direction of double stranded DNA. Such sequences are
related as being the reverse complement of one another, as
well known to the skilled person.

[0114] As used herein, the terms “reference group” and
control “group” are used interchangeably. The reference
group may in one embodiment be a population sample, i.e. a
random sample from the general population. In another
embodiment, the reference group is represented by a group of
individuals who are disease-free i.e., not suffering from AF or
stroke. Such disease-free control may in one embodiment be
characterized by the absence of one or more specific disease-
associated symptoms. In an embodiment, the reference group
is a group of hypertensive individuals not suffering from AF.

[0115] As used herein the terms “control sample” and “ref-
erence sample” are used interchangeably and refer to a
sample isolated from a reference group or from an individual
from this group. The terms “reference level” or “control
level” when used in the context of a mRNA/protein/polypep-
tide expression or activity of a risk allele, refer to the expres-
sion level of the corresponding allele in an individual not
suffering from AF or stroke, or to the average or median value
obtained following determination of the corresponding allele
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expression or activity in a plurality of samples (e.g., samples
obtained from a reference group).

Assessment of Polymorphic Markers

[0116] Alleles for SNP markers as referred to herein refer to
the bases A, C, G or T as they occur at the polymorphic site in
the SNP assay employed. The person skilled in the art will
realize that by assaying or reading the opposite DNA strand,
the complementary allele can in each case be measured. Thus,
for a polymorphic site (polymorphic marker) characterized
by an A/G polymorphism, the assay employed may be
designed to specifically detect the presence of one or both of
the two bases possible, i.e. A and G. Alternatively, by design-
ing an assay that is designed to detect the opposite strand on
the DNA template, the presence of the complementary bases
T and C can be measured. Quantitatively (for example, in
terms of relative risk), identical results would be obtained
from measurement of either DNA strand (+ strand or -
strand).

[0117] Detecting specific polymorphic markers and/or
haplotypes can be accomplished by methods known in the art
for detecting sequences at polymorphic sites. For example,
standard techniques for genotyping for the presence of SNPs
and/or microsatellite markers can be used, such as fluores-
cence-based techniques (Chen, X. et al., Genome Res. 9(5):
492-98 (1999)), utilizing PCR, LCR, Nested PCR and other
techniques for nucleic acid amplification. Specific method-
ologies available for SNP genotyping include, but are not
limited to, TagMann™ genotyping assays and SNPlex™
platforms (Applied Biosystems), mass spectrometry (e.g.,
MassARRAY™ system from Sequenom), minisequencing
methods, real-time PCR, Bio-Plex™ system (BioRad), CEQ
and SNPstream™ systems (Beckman), Molecular Inversion
Probew array technology (e.g., Affymetrix GeneChip), and
BeadArray™ Technologies (e.g., Illumina GoldenGate and
Infinium assays). By these or other methods available to the
person skilled in the art, one or more alleles at polymorphic
markers, including microsatellites, SNPs or other types of
polymorphic markers, can be identified.

[0118] In certain methods described herein, an individual
who is predisposed (i.e., increased risk) to AF, is an individual
in whom at least one specific allele at one or more polymor-
phic marker or haplotype conferring increased susceptibility
(i.e. compared to the general population or compared to
hypertensive individuals not at risk of developing AF) for AF
is identified (i.e., risk marker alleles or haplotypes). In one
aspect, the risk marker or haplotype is one that confers a
significant increased risk (or predisposition) for AF. In an
embodiment, significance associated with a marker or haplo-
type is measured by an odds ratio (OR). In a further embodi-
ment, the significance is measured by a percentage. In one
embodiment, a significant increased risk is measured as a risk
(relative risk and/or odds ratio) of at least 1.2, at least 2, at
least 3, atleast 4, at least 5, and at least 5.5 as compared to that
in the general population. In a particular embodiment, a risk
(relative risk and/or odds ratio) is significant if the value
OR=1.0 is not included in the 95% confidence interval. In
another particular embodiment, a risk of at least 1.3 is sig-
nificant. In yet another embodiment, a risk of at least 1.4 is
significant. In a further embodiment, a relative risk of at least
about 1.5 is significant. In another further embodiment, a
significant increase in risk is at least about 2.4 is significant.
However, other cutoffs are also contemplated, e.g. at least
1.15,1.25,1.35,2,2.5,3,3.5,4,4.5,5,5.5, 6 and so on, and
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such cutoffs are also within scope of the present invention. In
other embodiments, a significant increase in risk is at least
about 20%, including but not limited to about 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 100%, 150%, 200%, 300%, and 500%. In
one particular embodiment, a significant increase in risk is at
least 20%. In other embodiments, a significant increase in risk
is at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90% and at least 100%. Other
cutoffs or ranges as deemed suitable by the person skilled in
the art to characterize the invention are however also contem-
plated, and those are also within scope of the present inven-
tion.

[0119] In a preferred embodiment, the method of the
present invention are designed to be at least 75% specific,
more preferably 80% specific, even more preferably 85%
specific. Specificity measures the proportion of negatives
which are correctly identified (e.g. the percentage of people
who are correctly identified as not being susceptible to AF or
who will not develop AF). Specificity is the number of true
negatives divided by the number of true negative+the number
of false positive. A specificity of 100% means that the test
recognizes all actual negatives i.e., that all non susceptible
people will be recognized as such. Because 100% specificity
means no positives are erroneously tagged, a positive resultin
a high specificity test is used to confirm the susceptibility to
the disease i.e., the susceptibility to AF.

Nucleic Acids

[0120] The nucleic acid molecules (e.g., oligonucleotides,
primers, probes) of the present invention have a variety of
uses, especially in assessing the risk or predisposition of
developing AF and/or stroke. For example, the nucleic acid
molecules are useful as hybridization probes, such as for
genotyping SNPs in messenger RNA, transcript, cDNA,
genomic DNA, amplified DNA or other nucleic acid mol-
ecules, and for isolating full-length cDNA and genomic
clones.

[0121] A probe can hybridize to a SNP-containing target
sequence in a sequence-specific manner such that it distin-
guishes the target sequence from other nucleotide sequences
which vary from the target sequence only by which nucle-
otide is present at the SNP site. Such a probe is particularly
useful for detecting the presence of a SNP-containing nucleic
acid in a test sample, or for determining which nucleotide
(allele) is present at a particular SNP site (i.e., genotyping the
SNP site).

[0122] A nucleic acid hybridization probe may be used for
determining the presence, level, form, and/or distribution of
nucleic acid expression. The nucleic acid whose level is deter-
mined can be DNA or RNA. Accordingly, probes specific for
the SNPs described herein can be used to assess the presence,
expression and/or gene copy number in a given cell, tissue, or
organism. In vitro techniques for detection of mRNA include,
for example, Northern blot hybridizations and in situ hybrid-
izations. In vitro techniques for detecting DNA include
Southern blot hybridizations and in situ hybridizations (Sam-
brook and Russell, 2000, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Press, Cold Spring Harbor,
N.Y.). Thus, the nucleic acid molecules of the invention can
be used as hybridization probes to detect the SNPs disclosed
herein, thereby determining whether an individual with one
or more of the polymorphism of the present invention is at risk
(or predisposed) for developing AF.
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[0123] Nucleic acid samples can be genotyped to determine
which allele(s) is/are present at any given genetic region (e.g.,
SNP position) of interest by methods well known in the art.
The neighboring sequence can be used to design SNP detec-
tion reagents such as oligonucleotide probes, which may
optionally be implemented in a kit format.

[0124] SNP genotyping can include the steps of, for
example, collecting a biological sample from a human subject
(e.g., sample of tissues, cells, fluids (e.g., saliva, blood,
mucus), secretions, etc.), isolating nucleic acids (e.g.,
genomic DNA, mRNA or both) from the cells of the sample,
contacting the nucleic acids with one or more primers which
specifically hybridize to a region of the isolated nucleic acid
containing a target SNP under conditions such that hybrid-
ization and amplification of the target nucleic acid region
occurs, and determining the nucleotide present at the SNP
position of interest, or, in some assays, detecting the presence
or absence of an amplification product (assays can be
designed so that hybridization and/or amplification will only
occur if a particular SNP allele is present or absent). In some
assays, the size of the amplification product is detected and
compared to the length of a control sample; for example,
deletions and insertions can be detected by a change in size of
the amplified product compared to a normal genotype.
[0125] A primer or probe of the present invention is typi-
cally at least about 8 nucleotides in length. In one embodi-
ment of the invention, a primer or a probe is at least about 10
nucleotides in length. In a preferred embodiment, a primer or
a probe is at least about 12 nucleotides in length. In a more
preferred embodiment, a primer or probe is at least about 16,
17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides in length.
While the maximal length of a probe can be as long as the
target sequence to be detected, depending on the type of assay
in which it is employed, it is typically less than about 50, 60,
65, or 70 nucleotides in length. In the case of a primer, it is
typically less than about 30 nucleotides in length. In a specific
preferred embodiment of the invention, a primer or a probe is
within the length of about 18 and about 28 nucleotides. How-
ever, in other embodiments, such as nucleic acid arrays and
other embodiments in which probes are affixed to a substrate,
the probes can be longer, such as on the order o 30-70, 75, 80,
90, 100, or more nucleotides in length (see the Section
entitled “Kits”).

[0126] For analyzing SNPs, it may be appropriate to use
oligonucleotides specific for alternative SNP alleles. Such
oligonucleotides that detect single nucleotide variations in
target sequences may be referred to by such terms as “allele-
specific oligonucleotides”, “allele-specific probes”, or
“allele-specific primers”. The design and use of allele-spe-
cific probes for analyzing polymorphisms is described in,
e.g., Mutation Detection A Practical Approach, ed. Cotton et
al. Oxford University Press, 1998; Saiki et al., Nature 324,
163-166 (1986); Dattagupta, EP235.726; and Saiki, WO
89/11548.

[0127] While the design of each allele-specific primer or
probe depends on variables such as the precise composition of
the nucleotide sequences flanking a SNP position in a target
nucleic acid molecule, and the length of the primer or probe,
another factor in the use of primers and probes is the strin-
gency of the conditions under which the hybridization
between the probe or primer and the target sequence is per-
formed. Higher stringency conditions utilize buffers with
lower ionic strength and/or a higher reaction temperature, and
tend to require a more perfect match between probe/primer
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and a target sequence in order to form a stable duplex. If the
stringency is too high, however, hybridization may not occur
at all. In contrast, lower stringency conditions utilize buffers
with higher ionic strength and/or a lower reaction tempera-
ture, and permit the formation of stable duplexes with more
mismatched bases between a probe/primer and a target
sequence. By way of example and not limitation, exemplary
conditions for high stringency hybridization conditions using
an allele-specific probe are as follows: Prehybridization with
a solution containing 5x standard saline phosphate EDTA
(5%SSPE), 0.5% NaDodSO,, (SDS) at 55° C., and incubating
probe with target nucleic acid molecules in the same solution
at the same temperature, followed by washing with a solution
containing 2x. SSPE, and 0.1% SDS at 55° C. or room tem-
perature.

[0128] Moderate stringency hybridization conditions may
be used for allele-specific primer extension reactions with a
solution containing, e.g., about 50 mM KCI at about 46° C.
Alternatively, the reaction may be carried out at an elevated
temperature such as 60° C. In another embodiment, a mod-
erately stringent hybridization condition suitable for oligo-
nucleotide ligation assay (OLA) reactions wherein two
probes are ligated if they are completely complementary to
the target sequence may utilize a solution of about 100 mM
KCl at a temperature of 46° C.

[0129] In a hybridization-based assay, allele-specific
probes can be designed that hybridize to a segment of target
DNA from one individual but do not hybridize to the corre-
sponding segment from another individual due to the pres-
ence of different polymorphic forms (e.g., alternative SNP
alleles/nucleotides) in the respective DNA segments from the
two individuals. Hybridization conditions should be suffi-
ciently stringent that there is a significant detectable differ-
ence in hybridization intensity between alleles, and prefer-
ably an essentially binary response, whereby a probe
hybridizes to only one of the alleles or significantly more
strongly to one allele. While a probe may be designed to
hybridize to a target sequence that contains a SNP site such
that the SNP site aligns anywhere along the sequence of the
probe, the probe is preferably designed to hybridize to a
segment of the target sequence such that the SNP site aligns
with a central position of the probe (e.g., a position within the
probe that is at least three nucleotides from either end of the
probe). This design of probe generally achieves good dis-
crimination in hybridization between different allelic forms.
[0130] In another embodiment, a probe or primer may be
designed to hybridize to a segment of target DNA such that
the SNP aligns with either the 5' most end or the 3' most end
of the probe or primer.

[0131] Oligonucleotide probes and primers may be pre-
pared by methods well known in the art. Chemical synthetic
methods include, but are limited to, the phosphotriester
method described by Narang et al., 1979, Methods in Enzy-
mology 68:90; the phosphodiester method described by
Brown et al., 1979, Methods in Enzymology 68:109, the
diethylphosphoamidate method described by Beaucage et al.,
1981, Tetrahedron Letters 22: 1859; and the solid support
method described in U.S. Pat. No. 4,458,066.

[0132] Allele-specific probes are often used in pairs (or,
less commonly, in sets of 3 or 4, such as if a SNP position is
known to have 3 or 4 alleles, respectively, or to assay both
strands of a nucleic acid molecule for a target SNP allele), and
such pairs may be identical except for a one nucleotide mis-
match that represents the allelic variants at the SNP position.
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[0133] Commonly, one member of a pair perfectly matches
areference form of a target sequence that has a more common
SNP allele (i.e., the allele that is more frequent in the target
population) and the other member of the pair perfectly
matches a form of the target sequence that has a less common
SNP allele (i.e., the allele that is rarer in the target population,
for example the risk allele). In the case of an array, multiple
pairs of probes can be immobilized on the same support for
simultaneous analysis of multiple different polymorphisms.

[0134] In one type of PCR-based assay, an allele-specific
primer hybridizes to a region on a target nucleic acid mol-
ecule that overlaps a SNP position and only primes amplifi-
cation of an allelic form to which the primer exhibits perfect
complementarity (Gibbs, 1989, Nucleic Acid Res. 17 2427-
2448). Typically, the primer’s 3'-most nucleotide is aligned
with and complementary to the SNP position of the target
nucleic acid molecule. This primer is used in conjunction
with a second primer that hybridizes at a distal site. Amplifi-
cation proceeds from the two primers, producing a detectable
product that indicates which allelic form is present in the test
sample. A control is usually performed with a second pair of
primers, one of which shows a single base mismatch at the
polymorphic site and the other of which exhibits perfect
complementarity to a distal site. The single-base mismatch
prevents amplification or substantially reduces amplification
efficiency, so that either no detectable product is formed or it
is formed in lower amounts or at a slower pace. The method
generally works most effectively when the mismatch is at the
3'-most position of the oligonucleotide (i.e., the 3'-most posi-
tion of the oligonucleotide aligns with the target SNP posi-
tion) because this position is most destabilizing to elongation
from the primer.

Linkage Disequilibrium

[0135] The natural phenomenon of recombination, which
occurs on average once for each chromosomal pair during
each meiotic event, represents one way in which nature pro-
vides variations in sequence (and biological function by con-
sequence). Ithas been discovered that recombination does not
occur randomly in the genome; rather; there are large varia-
tions in the frequency of recombination rates, resulting in
small regions of high recombination frequency (also called
recombination hotspots) and larger regions of low recombi-
nation frequency, which are commonly referred to as Linkage
Disequilibrium (LD) blocks (Myers, S. et al., Biochem Soc
Trans 34:526-530 (2006); Jeffreys, A J., et al., Nature Genet
29:217-222 (2001); May, C. A., et al., Nature Genet 31:272-
275 (2002)).

[0136] LD refers to a non-random assortment of two
genetic elements. Thus, the term LD refers to a non-random
genetic association between one or more allele(s) of two
different polymorphic markers, that is due to the physical
proximity of the two loci. LD is present when two DNA
segments that are very close to each other on a given chro-
mosome will tend to remain unseparated for several genera-
tions with the consequence that alleles of a polymorphic
marker in one segment will show a non-random association
with the alleles of a different polymorphic marker located in
the other DNA segment nearby. As demonstrated herein, test-
ing of a polymorphic marker (e.g., rs2385833 or rs6717960)
(indirect testing), in LD with another polymorphic marker of
the present invention (e.g., rs4674485) will give equivalent
information as testing for the rs4674485 polymorphism
directly. Similarly, testing for rs10510266 will give equiva-
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lent information as testing for the rs1466560 polymorphism
directly. Hence, rs2385833 and rs6717960 are in LD with
rs4674485, and rs10510266 is in LD with rs1466560. This
situation is encountered throughout the human genome when
two DNA polymorphisms that are very close to each other are
studied. LD and, the use thereof in inheritance studies is well
known in the art to which the present invention pertains as
exemplified by publications such as Risch and Merikangas,
Science 273:1516-1517 (1996); Maniatis, Methods Mol Biol.
376: 109-21 (2007) and Borecki et al., Adv Genet 60: 51-74
(2008).

[0137] Forexample, if a particular genetic element (e.g., an
allele of a polymorphic marker, or a haplotype) occurs in a
population at a frequency of 0.25 (25%) and another element
occurs at a frequency of 0.25 (25%), then the predicted occur-
rence of a person having both elements is 0.125 (12.5%),
assuming a random distribution of the elements. However, if
it is discovered that the two elements occur together at a
frequency higher than 0.125, then the elements are said to be
in LD, since they tend to be inherited together at a higher rate
than what their independent frequencies of occurrence (e.g.,
allele or haplotype frequencies) would predict. Roughly
speaking, LD is generally correlated with the frequency of
recombination events between the two elements. Allele or
haplotype frequencies can be determined in a population by
genotyping individuals in a population and determining the
frequency of the occurrence of each allele or haplotype in the
population.

[0138] Many different measures have been proposed for
assessing the strength of LD. Most capture the strength of
association between pairs of biallelic sites. Two important
pairwise measures of LD are r* (sometimes denoted A) and
ID'l. Both measures range from 0 (no disequilibrium) to 1
(complete disequilibrium), but their interpretation is slightly
different. |D'| is defined in such a way that it is equal to 1 if just
two or three of the possible haplotypes are present, and it is <1
if all four possible haplotypes are present. Therefore, a value
of ID'| that is <1 indicates that historical recombination may
have occurred between two sites (recurrent mutation can also
cause |D'| to be <1, but for single nucleotide polymorphisms
(SNPs) this is usually regarded as being less likely than
recombination). The measure r” represents the statistical cor-
relation between two sites, and takes the value of 1 if only two
haplotypes are present.

[0139] The r* measure is arguably the most relevant mea-
sure for association mapping, because there is a simple
inverse relationship between r* and the sample size required
to detect association between susceptibility loci and SNPs.
These measures are defined for pairs of sites, but for some
applications a determination of how strong LD is across an
entire region that contains many polymorphic sites might be
desirable (e.g., testing whether the strength of LD differs
significantly among loci or across populations, or whether
there is more or less LD in a region than predicted under a
particular model).

[0140] One approach of measuring LD across a region is to
use the measure r, which was developed in population genet-
ics. Roughly speaking, r measures how much recombination
would be required under a particular population model to
generate the LD that is seen in the data. This type of method
can potentially also provide a statistically rigorous approach
to the problem of determining whether LD data provide evi-
dence for the presence of recombination hotspots. For the
methods and procedures described herein, a significant r

Mar. 15, 2012

value can be at least 0.1 such as at least 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,0.7,0.75,0.8,0.85,0.9,0.91, 0.92,0.93,0.94, 0.95, 0.96,
0.97, 0.98, 0.99 or 1.0. In one preferred embodiment, the
significant r* value can be at least 0.8. Alternatively, linkage
disequilibrium as described herein, refers to linkage disequi-
librium characterized by values of ID'l of at least 0.2, such as
0.3,0.4,0.5,0.6,0.7,0.8,0.85,0.9,0.95,0.96, 0.97, 0.98 or
0.99. Thus, LD represents a correlation between alleles of
distinct polymorphic markers. It is measured by correlation
coefficient or ID'l (r* up to 1.0 and ID'l up to 1.0). LD can be
determined in a single human population, as defined herein,
or it can be determined in a collection of samples comprising
individuals from more than one human population. In one
embodiment of the invention, LD is determined in a sample
from one or more of the HapMap™ populations (Caucasian,
African, Japanese, Chinese), as defined (http://www.hapmap.
org). In one such embodiment, LD is determined in the CEU
population of the HapMap™ III samples.

[0141] Tt is now established that many portions of the
human genome can be broken into series of discrete haplo-
type blocks containing a few common haplotypes; for these
blocks, LD data provides little evidence indicating recombi-
nation (see, e.g., Wall., J. D. and Pritchard, J. K., Nature
Reviews Genetics 4:587-597 (2003); Daly, M. et al., Nature
Genet. 29:229-232 (2001); Gabriel, S. B. et al., Science 296:
2225-2229 (2002); Patil, N. et al., Science 294: 1719-1723
(2001); Dawson, E. et al., Nature 4JS:544-548 (2002); Phil-
lips, M. S. et al., Nature Genet 33:382-387 (2003)).

[0142] There are two main methods for defining these hap-
lotype blocks: Blocks can be defined as regions of DNA that
have limited haplotype diversity (see, e.g., Daly, M. et al.,
Nature Genet. 29:229-232 (2001); Patil, N. et al., Science
294: 1719-1723 (2001); Dawson, E. et al., Nature 418:544-
548 (2002); Zhang, K. et al., Proc. Natl. Acad. Sci. USA
99:7335-7339 (2002)), or as regions between transition zones
having extensive historical recombination, identified using
LD (see, e.g., Gabriel, S. B. et al., Science 296:2225-2229
(2002); Phillips, M. S. et al., Nature Genet. 33:382-387
(2003); Wang, N. et al., Am. J. Hum. Genet. 7:1227-1234
(2002); Stumpf, M. P., and Goldstein, D. B., Curr. Biol. 13:
1-8 (2003)). More recently, a fine-scale map of recombination
rates and corresponding hotspots across the human genome
has been generated (Myers, S., et al., Science 310:321-32324
(2005); Myers, S. et al.,, Biochem Soc Trans 34:526530
(2006)). The map reveals the enormous variation in recom-
bination across the genome, with recombination rates as high
as 10-60 cM/Mb in hotspots, while closer to 0 in intervening
regions, which thus represent regions of limited haplotype
diversity and high LD. The map can therefore be used to
define haplotype blocks/LD blocks as regions flanked by
recombination hotspots. As used herein, the terms “haplotype
block” or “LD block™ includes blocks defined by any of the
above described characteristics, or other alternative methods
used by the person skilled in the art to define such regions.
[0143] Haplotype blocks can be used to map associations
between phenotype and haplotype status, using single mark-
ers or haplotypes comprising a plurality of markers.

[0144] The main haplotypes can be identified in each hap-
lotype block, and then a set of “tagging” SNPs or markers (the
smallest set of SNPs or markers needed to distinguish among
the haplotypes) can then be identified. These tagging SNPs or
markers can then be used in assessment of samples from
groups of individuals, in order to identify association between
phenotype and haplotype. If desired, neighboring haplotype
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blocks can be assessed concurrently, as there may also exist
LD among the haplotype blocks.

[0145] As described herein, certain polymorphic markers
and haplotypes comprising such markers are useful for risk
assessment of AF. Risk assessment can involve the use of the
markers for diagnosing a susceptibility/predisposition to AF.
Particular alleles of polymorphic markers are found more
frequently in individuals with AF, than in individuals without
diagnosis of AF. Therefore, these marker alleles have predic-
tive value for detecting a susceptibility/predisposition to AF
in subjects.

[0146] Substitute polymorphic markers within haplotype
blocks or LD blocks comprising risk markers, such as the
markers of the present invention, can be used as substitutes
for other markers and/or haplotypes within the haplotype
block or LD block. Markers with values of > equal to 1 are
perfect substitutes for the risk variants, i.e. genotypes for one
marker perfectly predicts genotypes for the other. Markers
with smaller values of r* than 1 can also be surrogates for the
risk polymorphic markers described herein, or alternatively
represent variants with relative risk values as high or possibly
even higher than the risk polymorphic markers of the present
invention. The present invention encompasses the assessment
of such substitute (surrogate) markers for the polymorphic
markers of the present invention. Such markers are annotated,
mapped and listed in public databases, as is well known to the
skilled person, or can alternatively be identified by sequenc-
ing the region or a part of the region identified by the poly-
morphic markers of the present invention in a group of indi-
viduals, and identify polymorphisms in the resulting group of
sequences. As a consequence, the person skilled in the art can
without undue experimentation genotype substitute polymor-
phic markers in LD with the polymorphic markers as
described herein. The substitute polymorphic markers in LD
with the risk polymorphic marker detected, also have predic-
tive value for detecting susceptibility to AF in a subject.
[0147] Thus, in one embodiment of the invention, a plural-
ity of variants (markers and/or haplotypes) is used for overall
risk assessment. These variants are in one embodiment
selected from the variants as disclosed herein. Other embodi-
ments include the use of the variants of the present invention
in combination with other variants known to be useful for
diagnosing a susceptibility/predisposition to AF and/or
stroke.

Treatment and Prevention of AF and Personalized Medicine

[0148] Due its temporary nature, paroxysmal AF can be
very difficult to diagnose. The opportunity to diagnose the
arrhythmia, institute recommended therapy, and possibly pre-
vent a debilitating first or recurrent stroke may be missed with
devastating results to the patient. Understanding that the indi-
vidual in question carries either a risk or a protective poly-
morphic marker can be an invaluable contribution to diagnos-
tic and/or treatment decision making. This way, in some
cases, unnecessary testing and therapy may be avoided, and in
other cases, with the help of more aggressive diagnostic
approach, the arrhythmia may be diagnosed and/or proper
therapy initiated and later complications of disease dimin-
ished.

[0149] Treatment of AF has two main objectives: (i) pre-
vent temporary circulatory instability; and (ii) prevent stroke.
The most common methods for achieving the former includes
rate and rhythm control, while anticoagulation is usually the
desired method for the latter. Common methods for rate con-
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trol, i.e. for reducing heart rate to normal, include beta block-
ers, cardiac glycosides (e.g., digoxi) and calcium channel
blockers (e.g., verapamil). All these medications work by
slowing down the generation of pulses from the atria, and the
conduction from the atria to the ventricles. Other drugs com-
monly used include quinidine, flecainide, propafenone, dis-
opyramide, sotalol and amiodarone. Rhythm control can be
achieved by electrical cardioversion, i.e. by applying DC
electrical shock, or by chemical cardioversion, using drugs
such as amiodarione, propafenone and flecainide.

[0150] Preventive measures for stroke include anticoagu-
lants. Representative examples of anticoagulant agents are
daiteparin (e.g., Fragmin), danaparoid (e.g., Orgaran), enox-
aparin (e.g., Lovenox), heparin (various), tinzaparin (e.g.,
Innohep) and warfarin (e.g., Coumadin). Some patients with
lone AF are sometimes treated with aspirin or clopidogrel.
The new anticoagulant ximelagatran has been shown to pre-
vent stroke with equal efficacy as warfarin, without the diffi-
cult monitoring process associated with warfarin and with
possibly fewer adverse hemorrhagic events.

[0151] Tthas repeatedly been shown that therapy with war-
farin anticoagulation can significantly reduce the risk of first
or further episodes of stroke in the setting of AF. Therefore,
anticoagulation with warfarin is standard therapy for almost
all patients with AF for stroke-prevention, whether they have
the permanent or paroxysmal type. The only patients for
whom warfarin is not strongly recommended are those
younger than 65 years old who are considered low-risk, i.e.,
they have no organic heart disease, including, neither hyper-
tension no coronary artery disease, no previous history of
stroke or transient ischemic attacks and no diabetes. This
group has a lower risk of stroke and stroke-prevention with
aspirin is recommended.

[0152] Determining who should and should not receive
anti-coagulation with warfarin is not straightforward. The
underlying problem is that if a subject has a yearly risk of
stroke that is less than 2%, then the risks associated with
taking warfarin outweigh the risk of experiencing a stroke. AF
can sometimes be controlled with treatment. The natural ten-
dency of AF, however, is to become a chronic condition.
Chronic AF leads to an increased risk of death. Patients with
AF have a significantly increased risk of stroke.

[0153] Accordingly, in an embodiment, the methods of the
present invention further comprises determining the appro-
priate preventive treatment or therapy.

[0154] The person skilled in the art will appreciate and
understand that the polymorphic markers of the present
invention in general do not, by themselves, provide an abso-
lute identification of individuals who will develop AF and/or
indirectly who will suffer from a stroke. The polymorphic
markers described herein do however indicate an increased
likelihood (or decreased likelihood in the case of a protective
variant) that individuals carrying the risk (or protective) vari-
ants of the invention will develop AF including symptoms
associated with AF. This information is extremely valuable in
itself, as it can be used to, for example, initiate preventive
measures at an early stage, perform regular physical and/or
mental exams to monitor the progress and/or appearance of
symptoms, or to schedule exams at a regular interval to iden-
tify the condition in question, so as to be able to apply treat-
ment at an early stage.

[0155] The knowledge about a genetic variant that confers
a risk of developing AF offers the opportunity to apply a
genetic test to distinguish between subjects with increased
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risk of developing the disease (i.e. carriers of the risk poly-
morphic markers) from those without an increased risk, and
eventually, from those with a decreased risk of developing the
disease (i.e. carriers of a protective polymorphic marker). The
values of genetic testing include the ability to diagnose a
predisposition to AF at an early stage, and provide this infor-
mation to the clinician in order to select the most appropriate
treatment, including a preventive treatment such as those
discussed above.

[0156] Subjects with a family history of AF and carriers of
risk polymorphic markers may benefit from genetic testing
since the knowledge of the presence of a genetic risk factor,
may provide increased incentive for implementing a healthier
lifestyle, by avoiding or minimizing known environmental
risk factors for AF. Genetic testing of AF patients may fur-
thermore provide valuable information about the primary
cause of the disease and can assist the clinician in selecting
the best treatment options and medication for each individual.
[0157] Thus in an embodiment, the present invention
relates to risk assessment for AF. The polymorphic markers of
the present invention can be used alone (individually) or in
combinations of two or more markers, as well as in combi-
nation with other factors, including other genetic risk factors
or biomarkers, for risk assessment of an individual for AF.
Non-limiting examples of other factors include those
described herein such as pulse pressure, left atrial volume and
ANP concentration as well other polymorphic markers or
haplotypes identified as increasing the risk to AF (e.g.,
genetic variants on chromosomes 4 (e.g., 4925), 11, 13, 15
and 16).

Kits

[0158] As indicated above, the kits of the present invention
may comprise any reagent (e.g., oligonucleotide probes,
primers, antibodies, ligands, substrates, etc.) useful for deter-
mining the presence in a sample from a subject of at least one
allele of at least one polymorphic marker of the present inven-
tion. Thus, in an embodiment the present invention provides
akit for determining a predisposition to atrial fibrillation (AF)
in a subject comprising: reagents for determining the pres-
ence of at least one copy of a risk allele from at least one
polymorphic marker in a sample from the subject, wherein
the presence of at least one copy of the risk allele is indicative
of a predisposition to AF and wherein said at least one poly-
morphic marker is: specifically a) rs4674485; b) rs1466560;
¢) rs1880039; d) rs3849387; e) rs7039; f) rs2952860; g)
rs9312515; h) rs1897527; 1) rs2299277,; j) rs2418828; k)
rs2385833; 1) rs6717960; m) rs10510266; or n) a substitute
polymorphic marker in linkage disequilibrium with any one
of the polymorphic markers of a) to m).

[0159] The kits may further comprise, reagents for deter-
mining the ANP blood concentration in the same or a different
sample from the subject.

[0160] Thus, the kits of the present invention may comprise
as reagents, components useful in any of the methods
described herein, including for example, primers, hybridiza-
tion probes, allele-specific oligonucleotides, restriction
enzymes (e.g., for RFLP analysis) and/or antibodies that bind
to a mutated polypeptide (polymorphic polypeptide) which is
encoded by a nucleic acid comprising a polymorphic marker
of the present invention, reagents for amplification of nucleic
acid associated with AF, reagents for analyzing the nucleic
acid sequence of a nucleic acid associated with AF, means for
analyzing the amino acid sequence of a polypeptide encoded
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by a nucleic acid associated with AF. The kit may also include
any necessary buffers, enzymes (e.g., DNA polymerase) and/
or reagents necessary for the allele specific detection of the
polymorphic markers of the present invention. The kit may
also comprise one or more labeled nucleic acids capable of
allele-specific detection of one or more polymorphic markers
of the present invention or any markers in linkage disequilib-
rium therewith as well as reagents for the detection of the
label. Suitable labels are well known in the art and will be
chosen according to the specific method used. Non-limiting
examples of suitable labels include a radioisotope, a fluores-
cent label, a magnetic label, an enzyme, etc.

[0161] In particular embodiments, the kit of the present
invention includes reagents for the detection of one, two,
three, four, five, six, seven, eight, nine or ten or more poly-
morphic markers of the present invention and/or any number
of polymorphic markers in LD therewith. Kits of the present
invention may also comprise instructions on how to use the
reagents of the kits for the methods of the present invention
and how to use additional markers of predisposition to AF for
these methods (e.g., pulse pressure and left atrial volume).
[0162] A person skilled in the art will recognize that, based
on the SNP and associated sequence information disclosed
herein, detection reagents can be developed and used to assay
any SNP of the present invention individually or in combina-
tion, and such detection reagents can be readily incorporated
into one of the established kit or system formats which are
well known in the art. The terms “’kits” or “’kit”, as used herein
in the context of SNP detection reagents, are intended to refer
to such things as combinations of multiple SNP detection
reagents, or one or more SNP detection reagents in combina-
tion with one or more other types of elements or components
(e.g., other types of biochemical reagents, containers, pack-
ages such as packaging intended for commercial sale, sub-
strates to which SNP detection reagents are attached, elec-
tronic hardware components, etc.).

[0163] Accordingly, the present invention further provides
SNP detection kits, including but not limited to, packaged
probe and primer sets (e.g., TagMan probe/primer sets),
arrays/microarrays of nucleic acid molecules, and beads that
contain one or more probes, primers, or other detection
reagents for detecting one or more SNPs of the present inven-
tion. The kit of the present invention can optionally include
various electronic hardware components; for example, arrays
(“DNA chips”) and micro fluidic systems (“lab-on-a-chip”
systems) provided by various manufacturers typically com-
prise hardware components. Other kits (e.g., probe/primer
sets) may not include electronic hardware components, but
may be comprised of, for example, one or more SNP detec-
tion reagents (along with, optionally, other biochemical
reagents) packaged in one or more containers.

[0164] In an embodiment, a SNP detection kit typically
contains one or more detection reagents and other compo-
nents (e.g., a buffer, enzymes such as DNA polymerases or
ligases, chain extension nucleotides such as deoxynucleotide
triphosphates, and in the case of Sanger-type DNA sequenc-
ing reactions, chain terminating nucleotides, positive control
sequences, negative control sequences, and the like) neces-
sary to carry out an assay or reaction, such as amplification
and/or detection of a SNP-containing nucleic acid molecule.
A kit may further contain means for determining the amount
of a target nucleic acid, and means for comparing the amount
with a standard, and can comprise instructions for using the
kit to detect the SNP-containing nucleic acid molecule of
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interest. In one embodiment of the present invention, kits are
provided which contain the necessary reagents to carry out
one or more assays to detect one or more SNPs disclosed
herein. In an embodiment of the present invention, SNP
detection kits are in the form of nucleic acid arrays, or com-
partmentalized kits, including micro fluidic/lab-on-a-chip
systems.

[0165] SNP detection kits may contain, for example, one or
more probes, or pairs of probes, that hybridize to a nucleic
acid molecule at or near each target SNP position. Multiple
pairs of allele-specific probes may be included in the kit/
system to simultaneously assay large numbers of SNPs, at
least one of which is a SNP of the present invention. In some
kits, the allele-specific probes are immobilized to a substrate
such as an array or bead.

[0166] The terms “arrays”, “microarrays”, and “DNA
chips” are used herein interchangeably to refer to an array of
distinct polynucleotides affixed to a substrate, such as glass,
plastic, paper, nylon or other type of membrane, filter, chip, or
any other suitable solid support. The polynucleotides can be
synthesized directly on the substrate, or synthesized separate
from the substrate and then affixed to the substrate. In one
embodiment, the microarray is prepared and used according
to the methods described in U.S. Pat. No. 5,837,832, Chee et
al, PCT application W095/11995 (Chee et al), Lockhart, D. J.
etal. (1996; Nat. Biotech. 14: 1675-1680) and Schena, M. et
al. (1996; Proc. Natl. Acad. Sci. 93: 10614-10619), all of
which are incorporated herein in their entirety by reference.
In other embodiments, such arrays are produced by the meth-
ods described by Brown et al., U.S. Pat. No. 5,807,522.
[0167] Nucleic acid arrays are reviewed in the following
references: Zammatteo et al., “New chips for molecular biol-
ogy and diagnostics”, Biotechnol Annu Rev. 2002; 8:85-101;
Sosnowski et al., “Active microelectronic array system for
DNA hybridization, genotyping and pharmacogenomic
applications”, Psychiatr Genet. 2002 December; 12(4): 181-
92; Heller, “DNA microarray technology: devices, systems,
and applications”, Annu Rev Biomed Eng. 2002; 4: 129-53.
Epub 2002 Mar. 22; Kolchinsky et al., “Analysis of SNPs and
other genomic variations using gel-based chips”, Hum Mutat.
2002 April; 19(4):343-60; and McGall et al., “High-density
genechip oligonucleotide probe arrays”, Adv Biochem Eng
Biotechnol. 2002; 77:2142.

[0168] Any number of probes, such as allele-specific
probes, may be implemented in an array, and each probe or
pair of probes can hybridize to a different SNP position. In the
case of polynucleotide probes, they can be synthesized at
designated areas (or synthesized separately and then affixed
to designated areas) on a substrate using a light-directed
chemical process. Each DNA chip can contain, for example,
thousands to millions of individual synthetic polynucleotide
probes arranged in a grid-like pattern and miniaturized (e.g.,
to the size of a dime). Preferably, probes are attached to a solid
support in an ordered, addressable array.

[0169] A microarray can be composed of a large number of
unique, single-stranded polynucleotides, usually either syn-
thetic antisense polynucleotides or fragments of cDNAs,
fixed to a solid support. Typical polynucleotides are prefer-
ably about 6-60 nucleotides in length, more preferably about
15-30 nucleotides in length, and mostpreferably about 18-25
nucleotides in length. For certain types of microarrays or
other detection kits, it may be preferable to use oligonucle-
otides that are only about 7-20 nucleotides in length. In other
types of arrays, such as arrays used in conjunction with
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chemiluminescent detection technology, preferred probe
lengths can be, for example, about 15-80 nucleotides in
length, preferably about 50-70 nucleotides in length, more
preferably about 55-65 nucleotides in length, and most pref-
erably about 60 nucleotides in length. The microarray or
detection kit can contain polynucleotides that cover the
known 5' or 3' sequence of a gene/transcript or target SNP site,
sequential polynucleotides that cover the full-length
sequence of a gene/transcript; or unique polynucleotides
selected from particular areas along the length of a target
gene/transcript sequence, particularly areas corresponding to
one or more SNPs. Polynucleotides used in the microarray or
detection kit can be specific to a SNP or SNPs of interest (e.g.,
specific to a particular SNP allele at a target SNP site, or
specific to particular SNP alleles at multiple different SNP
sites), or specific to a polymorphic gene/transcript or genes/
transcripts of interest. Hybridization assays based on poly-
nucleotide arrays rely on the differences in hybridization
stability of the probes to perfectly matched and mismatched
target sequence variants. For SNP genotyping, it is generally
preferable that stringency conditions used in hybridization
assays are high enough such that nucleic acid molecules that
differ from one another at as little as a single SNP position can
be differentiated (e.g., typical SNP hybridization assays are
designed so that hybridization will occur only if one particu-
lar nucleotide is present at a SNP position, but will not occur
if an alternative nucleotide is present at that SNP position).
Such high stringency conditions may be preferable when
using, for example, nucleic acid arrays of allele-specific
probes for SNP detection. Such high stringency conditions
are described in the preceding section, and are well known to
those skilled in the art and can be found in, for example,
Current Protocols in Molecular Biology, John Wiley & Sons,
N.Y. (1989), 6.3.1-6.3.6.

[0170] Usingsuch arrays or otherKkits, the present invention
provides methods of identifying the SNPs disclosed herein in
a test sample. Such methods typically involve incubating a
test sample of nucleic acids with an array comprising one or
more probes corresponding to at least one SNP position of the
present invention, and assaying for binding of a nucleic acid
from the test sample with one or more of the probes. Condi-
tions for incubating a SNP detection reagent (or a kit/system
that employs one or more such SNP detection reagents) with
a test sample vary. Incubation conditions depend on suchfac-
tors as the format employed in the assay, the detection meth-
ods employed, and the type and nature of the detection
reagents used in the assay. One skilled in the art will recognize
that any one of the commonly available hybridization, ampli-
fication and array assay formats can readily be adapted to
detect the SNPs disclosed herein.

[0171] A SNP detection kit/system of the present invention
may include components that are used to prepare nucleic
acids from a test sample for the subsequent amplification
and/or detection of a SNP-containing nucleic acid molecule.
Such sample preparation components can be used to produce
nucleic acid extracts (including DNA and/or RNA), proteins
or membrane extracts from any bodily fluids (such as blood,
serum, plasma, urine, saliva, phlegm, gastric juices, semen,
tears, sweat, etc.), skin, hair, cells (especially nucleated cells),
biopsies, buccal swabs or tissue specimens. The test samples
used in the above-described methods will vary based on such
factors as the assay format, nature of the detection method,
and the specific tissues, cells or extracts used as the test
sample to be assayed. Methods of preparing nucleic acids,
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proteins, and cell extracts are well known in the art and can be
readily adapted to obtain a sample that is compatible with the
system utilized.

[0172] The present invention is illustrated in further details
by the following non-limiting examples.

Example 1
Patients Material and Methods

[0173] The discovery cohort comprised 169 individuals:
148 patients with a validated history of hypertension, in sinus
rhythm at the time of the study: 74 with one or more previous
episodes of paroxysmal AF documented on ECG (HT+AF)
and 74 individuals without any previous known episode of AF
(HT). Moreover, 21 normotensive individuals without history
of AF were also enrolled and used as reference for several
clinical, metabolic and neurohormonal assessments. Patients
were recruited in 3 clinical centers, and each center ethics
committee approved the protocol of study. All participants
gave their written informed consent to participate in the study.
[0174] The exclusion criteria were the presence of second-
ary causes of hypertension, the presence of AF and other atrial
arrhythmias at the time of the study, valvular heart disease,
heart failure, coronary artery disease, hepatic, renal, thyroid
or lung diseases. All participants underwent physical exami-
nation and blood sample collection for lipids and neurohor-
monal factors. A 12-lead ECG and a transthoracic M-mode
and two-dimensional Doppler echocardiograms were
recorded on the day of examination.

[0175] Hypertension was defined as a systolic blood pres-
sure (SBP)>140 mmHg and/or diastolic blood pressure
(DBP)>90 mmHg in untreated subjects. Treated hypertensive
patients were included regardless of their blood pressure (BP)
values. Blood pressure was measured between 9 and 11 AM
with a mercury-calibrated aneroid cuff manometer after a rest
for at least 5 min in the sitting position. Three measurements
were taken at one-min intervals, and the average was used to
define clinical SBP and DBP. Pulse pressure (PP) was calcu-
lated as the difference between SBP and DBP.

[0176] The validation cohort consisted of participants in
the Action in Diabetes and Vascular disease (ADVANCE)
study, which involved a total of 11,140 patients with type 2
diabetes randomized to treatment with perindopril-indapam-
ide or placebo.'® Genotype information was available for
1,900 patients (Table 1 below), 77% of which were hyperten-
sive, all were Caucasians (ascertained by Structure, http://
pritch.bsd.uchicago.edu/structure.html) and had Diabetes
type 2 mellitus.

Biochemistry

[0177] Serum electrolytes, fasting glucose, serum total
cholesterol, triglycerides and high density lipoprotein
(HDL)-cholesterol were determined by standard enzymatic
colorimetric methods. Plasma catecholamine levels were
determined by high-performance liquid chromatography as
previously reported.'® Quantitative determination of plasma
renin activity was performed with radioimmunometric assay
(RIA) kit (CIS bio international, France, distributed by Bio-
Rad Diagnostic, Toronto, Canada). Aldosterone was mea-
sured with RIA kit (Diagnostic Systems Laboratories Inc,
Texas, USA distributed by Somagen diagnostics Inc, Edm-
onton, Canada). Plasma NT-proANP levels/Plasma alpha-
ANP levels were measured using a sensitive radioimmuno
assay (RIA) (Immunoreactive atrial natriuretic factor (IR-
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ANF) in human plasma. Gutkowska J, Bourassa M, Roy D,
Thibault G, Garcia R, Cantin M, Genest J. Biochem Biophys
Res Commun. 1985 May 16; 128(3):1350-7).

Electrocardiography and Echocardiographic Methods

[0178] A 12-lead ECG was recorded from all patients in
supine position at a paper speed of 50 mm/s. Transthoracic
M-mode, two-dimensional and Doppler echocardiograms
were performed with a commercially available Philips
5500™ vyltrasound according to recommendations of the
American Society of Echocardiography.'® The left atrial
(LA) volume was calculated by the biplane method of disks or
using Simpson’s formula and indexed to body surface area
(BSA). The LA volume was considered enlarged when LA
volume/BSA exceeded 28.0 mL/m” in both sexes.'” Left ven-
tricular (LV) mass was calculated by Devereux’s formula *°
and normalized to BSA. LV hypertrophy (LVH) was consid-
ered present when IV mass/BSA exceeded 115 g/m” in men
and 95 g/m” in women."’

Genotyping

[0179] Total genomic DNA was extracted from human
blood with phenol; chloroform, precipitated with ethanol and
dissolved in sterile Tris EDTA (TE) buffer. Affymetrix’s
GeneChip™ Mapping Hind 50K assay was used according to
manufacturer’s protocol. The array was scanned using the
Aftymetrix GeneChip™ Scanner 3000 7G. The automation
of the fluidics station and the scanner was supported by the
Affymetrix GeneChip™ Operating Software (GCOS1.2).
GeneChip™ Genotyping Analysis Software (GTYPE) was
used for evaluation of the array data, generation of genotype
calls and to export array reports for biostatistical analysis.

Statistical Analyses

[0180] Statistical analyses were performed using SPSS™
(version 15.0, SPSS, Inc). Data are presented as mean=SD or
frequency in percent. Differences between cases and controls
were first assessed using a multivariate Hotelling-t-test and
Chi-square analyses, respectively. A log transformation was
used for variables with skewed distribution. Drug-group
interactions were tested for all significant variables using a
multivariate general linear model using AF and drug status as
fixed factors. Predictors with statistically significant (P<0.05)
and biologically relevant drug-group interactions were not
included in the final modeling in the present analysis.

[0181] Non genetic factors (e.g., clinical factors) were fit in
a stepwise forward logistic regression procedure to identify
independent predictors of AF. Briefly, at each step, the pre-
dictor with the largest score statistic whose significance value
was less than 0.05 was added to the model. Then, a new
predictor was entered in the model and its effect on the model
was evaluated by changes in -2 log-likelihood. Variables with
significant changes were kept in the model. The variables left
out of the analysis at the last step all had significance values
larger than 0.05. Backward stepwise methods were used to
check the results of the forward models. Backward methods
start with a model that includes all of the predictors. At each
step, the predictor that contributed the least was removed
from the model, until all of the predictors in the model were
significant. Variables in the final models were retained and
used for joint modeling with genetic factors.
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Genome Wide Association and Final Selection of SNPs for
Modeling

[0182] SNPs were filtered out if they were not in Hardy-
Weinberg equilibrium (P<0.01 in controls), had a minor allele
frequency (MAF)<0.10, or a call rate<95%. Cluster analysis
(P-1ink™)?° was used to identify genetic outliers. Allelic
association studies and logistic regression (with covariates)
were performed using P-1ink™.*° One million simulations
using the label-swapping approach as implemented in
P-1ink™,2° were conducted to calculate empirical P-values
for nominal associations when P-value<Ix10™*. This
approach permutes the phenotype-genotype relationship but
preserves the patterns of LD between SNPs under the
observed and permuted samples.

[0183] Replication studies of top associated SNPs (empiri-
cal P-value=10~%) were undertaken in a large cohort of par-
ticipants of the ADVANCE study, which involved a total of
11,140 patients with type 2 diabetes randomized to treatment
with perindopril-indapamide or placebo.?’ Genotype infor-
mation (Affymetrix Genome-Wide Human SNP Array 5.0)
was available for 1,900 patients (Table 1 below). When dis-
covery SNPs were not available, proxy SNPs (From Hap-
Map-CEU 15: D'=1, LOD>2 and r2>0.6 determined by Hap-
loview®?) were used if they were in Hardy-Weinberg
equilibrium (P<0.01 in controls) or had a minor allele fre-
quency (MAF)<0.10. Allelic association and logistic analysis
with covariates was conducted using P-link™. SNPs were
selected for final modeling if they were found associated with
AF at P<0.01 in the replication cohort. Combined-P values
were calculated using the Fisher’s method as implemented in
Haploview??. Replicated SNPs were used for final modeling
with or without clinical and metabolic biomarkers, having the
presence or absence of the risk allele as a dependent variable.
Predictive probabilities of models containing only clinical,
clinical and biomarkers, clinical, biomarkers and genetic fac-
tors were used to construct ROC curves.
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TABLE 1

Clinical characteristics of individuals with and without
AF in the replication cohort (ADVANCE study).

Mean SD Mean SD

Male sex, % 67.4 67.1

age, years 66.7 6.8 68.9 6.8
hbalc, % 7.3 1.4 7.3 1.5
BMI, kg/m2 29.8 5.0 29.4 5.1
creatinine clearance 86.8 28.8 78.2 29.5
Hypertension, % 76.3 87.0
Previous myocardial infarction, % 23.8 43.0

Heart failure, % 3.0 20.0
Medications

perindopril, % 10.0 13.0

Other ACE inhibitors, % 28.0 43.0

ARBs, % 5.0 7.0

Controls: Individuals without history of atrial fibrillation. Cases: Invididuals with paroxys-
mal Afib. All participants were Caucasian and had diabetes type 2.

Example 2
Results

[0184] The characteristics of participants are shown in
Table 2 below. The mean age, the percentage of women and
mean BMI were similar for both groups. HT+AF patients had
higher waist circumference, SBP and pulse pressures com-
pared with HT patients (Table 2). Electrocardiographic
assessment showed that HT+AF patients had lower HR.
However, no differences in the duration of QRS, QT and P-R
were found between groups. Echocardiographic LA volume
was greater in HT+AF compared with HT patients (Table 2).
However, there were not differences in LV mass, interven-
tricular or posterior wall thickness. Metabolic and neurohor-
monal profiling showed that HT+AF patients had higher HDL
and lower fasting glucose, but a trend towards increased total
cholesterol and triglyceride levels compared with HT patients
(Table 2). Moreover, HT+AF patients had lower plasma ANP,
aldosterone, and renin levels, and a trend towards lower
plasma adrenaline without differences in noradrenaline levels
(Table 2).

TABLE 2

Clinical characteristics of hypertensives with
(HT + AF) and without (HT) history of AF

HT HT + AF
(n=74) (n=74)
Characteristic Mean SD Mean SD P-value*
Age, years 63.78 £9.16 65.11 =10.58 0.42
Male, % 60.8 56.0 0.55
Body mass index, kg/m? 27.73 £3.37 27.93 £4.57 0.76
Waist circumference, cm 94.41 £9.93 98.62 +11.72 0.02

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Pulse pressure, mmHg

Heart rate on ECG, beats/min

QRS, ms
QTc, ms
P-R, ms

LA volume/BSA, ml/m?

LV mass/BSA, g/m’

LV ejection fraction, %
Interventricular septum thickness, mm
Posterior wall thickness, mm

Fasting glucose, mmol/L
Noradrenaline, pg/ml

Adrenaline, pg/ml

127.39 £ 13.40 136.55 £ 19.60 0.001
82.96 £ 7.52 81.53 £10.84 0.35
4443 £13.70 55.01 £17.37 0.0001
61.91 £7.63 59.12 £8.75 0.04

9217 95 £15 0.21
424 £ 24 429 £24 0.24

168.97 £ 20.28 174.44 + 26.64 0.16
31.75+9.82 36.19 £11.92 0.02
94.65 = 25.04 89.55 £24.65 0.21
65.34 £4.78 64.73 £4.50 0.43

9.86 +1.91 9.45 = 1.64 0.16
9.64 = 1.69 9.52 +1.84 0.67
5.30+0.70 4.98 +0.99 0.03

306.89 £123.46  303.93 = 145.07 0.89

22.12+16.40 18.12 £11.27 0.09
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TABLE 2-continued
Clinical characteristics of hypertensives with
(HT + AF) and without (HT) history of AF
HT HT +AF

(n=74) (n=74)
Characteristic Mean SD Mean SD P-value*
Triglycerides, mmol/L. 1.43 = 0.68 1.66 = 0.87 0.07
HDL cholesterol, mmol/L 1.33 £ 0.33 1.53 £0.77 0.04
Total cholesterol, mmol/L 4.82 +0.78 5.07 £1.03 0.09
ANP, fimol/ml 225,99 £120.54 126.08 £113.18  0.000001
Renin, pg/ml 12.17 £ 19.71 9.27 £ 22.09 0.02
Aldosterone, pmol/L 317.48 £ 161.55  227.16 £ 74.91 0.00003
Sodium, meg/L 141.68 = 1.71 141.88 = 1.84 0.48
Potassium, meq/L 4.04 £0.31 4.16 £0.40 0.06

Data are expressed as mean (+/-SD) or frequency (in percent). HT (Hypertensives without history of Atrial
fibrillation); HT + AF (Hypertensives with history of paroxysmal atrial fibrillation). QTe, corrected QT interval;
QRS, duration of QRS complex; P-R, P-R interval, BSA, body surface area; LA, left atrial; LV. left ventricle; ANP,

atrial natriuretic peptide; HDL, high-density lipoprotein.
*2 tailed P-values.

[0185] Only HT+AF patients used class I and class III
antiarrhythmics (48%) or warfarin (49%). Compared with
HT-AF, HT without AF used more aspirin (66 vs 32%; P<0.
001), renin-angiotensin converting enzyme inhibitors
(ACEIs) or angiotensin II receptor 1 blockers (ARBs) (71 vs.
43%; P<0.001). There were no significant differences in the
use of beta-blockers, calcium channel blockers, diuretics and
lipid-lowering drugs between both groups. Significant drug-
group interactions were detected for glucose with ACE
inhibitors, ARBs or statins. Likewise, significant interactions
were found for aldosterone and renin with ACE inhibitors and
ARBs. No drug-group interaction was found for ANP levels
even when multiple drug-interactions were evaluated. Vari-
ables with significant drug-group interactions were not
included in the final modeling.

[0186] After stepwise logistic regression, two clinical fac-
tors (OR; 95% CI; top vs lowest tertile): pulse pressure (7.7;
2.6-22.9)) and LA volume (4.4; 1.1-12.1) (echocardiographic

variable), and one neuroendocrine factor: ANP (0.02; 0.004-
0.07) remained as independent predictors and contributed to
AF risk (FIG. 1, and Table 3 below). FIG. 1 shows averages
and 95% CI for main predictors of AF in hypertensive indi-
viduals with and without history of AF as well as the distri-
bution of these factors in a group of normotensive without
history of AF. Compared with normotensive (NT), hyperten-
sive individuals (HT) had higher pulse pressure and greater
LA volume compared with normotensives, these differences
further increased in hypertensive that have developed AF
(HT+AF) (FIG. 1). Although ANP levels were higher in
hypertensive, HT+AF patients had lower ANP levels similar
to that of normotensive (FIG. 1). There was a positive corre-
lation between pulse pressure and LA volume in all hyper-
tensive individuals, which was not seen in normotensive
(FIG. 2A). ANP levels correlated with both pulse pressure
and LA volume in hypertensive but this relationship was lost
or decreased in those with history of AF (FIGS. 2B and 2C).

TABLE 3

Risk of AF associated with risk factors

Prevalence
Risk factor HT HT+AF Odds ratio Odds ratio (95% CI)
(Tertiles) (%) (%) (95% CI) multivariate adjustment
LA vol (ml/m?)
<30 42.0 25.7
30-40 40.6 473 1.91% (0.9-4.1) 2.50 (1.1-6.2)
>40 17.4 27.0 2.54* (1.01-6.38) 440 (1.1-12.1)
Pulse P (mmHg)
<40 75.0 25.0
40-50 52.0 48.0 2.77*% (1.12-6.84) 2.90 (1.07-7.98)
>50 29.1 70.9 7.31% (2.91-18.4) 7.70 (2.6-22.9)
ANP (fmol/ml)
<100 10.8 54.6
100-200 35.1 29.3 0.16* (0.06-0.42) 0.13 (0.04-0.44)
>200 54 16 0.05* (0.02-0.15) 0.02 (0.004-0.07)
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TABLE 3-continued

Risk of AF associated with risk factors

Prevalence
Risk factor HT HT+AF Odds ratio Odds ratio (95% CI)
(Tertiles) (%) (%) (95% CI) multivariate adjustment
rs4674485A% 18.6 48 4 (1.9-8.6) 2.97 (1.12-7.83)
1rs1466560GT 13.2 = 5.15 (2.23-11.89) 2.83 (1.02-7.86)

Table shows clinical, neuroendocrine and genetic factors associated with the development of atrial fibrillation
among hypertensive individuals. Continuous traits were categorized in tertiles. Percentage of individuals and
odds ratio by tertile categories in cases (HT + AF) or controls (HT) are shown. Odds ratio and 95% CI were
calculated by logistic regression analysis. The lowest tertile of each continous trait or no carriers of genetic risk
variants were the reference group. Estimates were calculated for models without covariates and after adjust-
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ment by clinical covariates.
*Top tertiles vs. lowest tertile.

*Presence of the risk allele.

[0187] In summary, three non-genetic factors: PP, LA vol-
ume and ANP, remained as independent predictors of AF
among hypertensive individuals. Hypertensives with parox-
ysmal AF had wider PP, larger LA and lower ANP levels. In
this cohort of hypertensives, wider pulse pressure was asso-
ciated with enlarged LA. However, there was a positive cor-
relation between PP, LA volume and ANP levels only in
hypertensive without history of AF, and this correlation was
lost in hypertensives with history of paroxysmal AF.

[0188] First, these observations suggest that PP is a more
powerful predictor of AF than systolic or diastolic BP. Sec-
ond, PP could predispose to AF directly or by causing
enlarged LA. Moreover, once LA is enlarged it becomes an
independent risk factor (e.g., regardless of BP) for AF. Thus,
in the context of hypertensive individuals without chronic AF,
these observations strongly suggest that low ANP is a marker
of the predisposition to develop AF, especially in those indi-
viduals with enlarged LA.

Joint Modeling of Genetic and Clinical and Neuroendocrine
Risk Factors

[0189] One million permutations were performed to calcu-
late empirical P-values for SNPs with a nominal P-value<1x

10~*. Table 4 below shows top SNPs associated with AF in
this cohort of hypertensive individuals. Top empirical score
was obtained for rs4674485 (P-value: 6.0x107°). Moreover,
other associated variants were found on chromosomes 2, 3, 4,
5, 7 and 10. The minor allele frequency of top risk markers
ranged from 0.10 to 0.44 in this population.

[0190] In order to select SNPs for final modeling, replica-
tion studies were conducted in a second cohort. Two SNPs
(rs4674485 and rs1466560) were replicated by substitute
SNPs (Table 5 below). LD maps from CEU HapMap™ popu-
lation'® show that rs4674485 is in strong LD with rs6717960
(SEQIDNO: 7) and 152385833 (SEQ ID NO: 6) (FIG. 3, and
Table 5 below), which were found associated with AF in
participants of the ADVANCE Trial (P<0.01). This SNP
rs4674485 [A/G] had a prevalence (0.20) in this cohort com-
parable to that observed in the HapMap™-CEU population
(0.21)'*. Moreover, hypertensive individuals with a history of
paroxysmal AF had ~3-fold higher prevalence of this allele
compared with hypertensive individuals without paroxysmal
AF (Table 4 below). rs4674485 is located in a genomic region
where several QTLs for cardiac and vascular function have
been identified (FIG. 4).

TABLE 4

Top association results for AF discovery cohort

Minor  Minor Allele Frequencies

SNP Chr  allele HT HT+AF ALL* OR(95%CI) P value

154674485 2 A 010 028 020  3.6(1.8,7.1) 60x10°°
1$2299277 7 T 0.08 0.27 0.18 4.1(1.9,84) 9.0x107¢
152952860 4 T 0.15 0.35 0.26 3.0(1.6,5.5) 42x107°
151880039 2 C 0.10 0.20 0.10 2.4(1.2,4.8) 44x107
151466560 3 G 0.07 0.25 0.17 4.2(1.9,9.1) 45x107°
rs7039 3 G 0.57 0.35 0.44 0.4(0.2,0.6) 5.8x107
1$9312515 4 G 0.05 0.22 0.14 5.6(2.3,13.8) 1.0x 1074
153849387 2 G 0.07 0.20 0.13 3.7(1.6,8.2) 12x107*
rs1897527 5 A 0.13 0.35 0.28 3.6(1.8,6.8) 2.0x107*
rs2418828 10 G 0.32 0.53 0.41 24(1.5,3.9) 25x107*

Top SNPs associated with AF in hypertensives. ORs and 95% CI for the presence of the risk allele in cases (HT
+ AF) vs. controls (HT).

*Minor allele frequency inall hypertensive individuals. One million permutations were performed to calculate
empirical P-values.
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[0191] Except for rs7039, all minor alleles presented in
Table 4 above are also risk alleles. For rs7039 however, the
other/major allele is the risk allele. This explains the OR
lower than 1 (i.e. 0.4) for the minor allele of rs7039. The risk
allele for rs7039 is presented at FIG. 6.

TABLE 5
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[0194] The above examples revealed SNPs (e.g.,
rs4674485A/G and rs1466560G/T) located on chromosomes
2 and 3 respectively), associated with a history of paroxysmal
AF among hypertensive individuals. Moreover, AUC com-
parison showed that including these genetic markers

Replication studies

Discovery cohort (n = 149) Replication cohort (n = 1900) Combined
SNP id P-value MAF OR (95% CI) P-value MAF OR (95% CI) P-value
rs4674485 6.0x10°° 0.19 3.58(1.8-7.1) 6.0x 1073 0.35 1.55(1.0-2.45) 6.5x 1077
181466560 4.4x107° 0.17 4.25(1.9-9.1) 2.0x107> 020 246 (1.26-4.81) 1.5x107°

Top SNPsreplicated ina second cohort (n=1900) of partipants of the ADVANCE study. Proxy SNPs were used if they were

in linkage disequilibrium; D' = 1 and LOD > 2 and r > 0.6.
*156717960 (D' = 1,1 = 0.64; LOD = 16.67);
**1510510266 (D'=1.1r=0.73; LOD = 16.01)

[0192] rs1466560 (chromosome 3) was replicated by proxy
SNP rs10510266 (SEQ ID NO:11) in the ADVANCE cohort
(Table 5 above). The risk variant [G] was 4 times more fre-
quent in hypertensive with history of paroxysmal AF than in
those without AF. rs1466560 is located in a genomic region
where QTLs for heart rate and stress responses have been
identified (FIG. 4). The prevalence ofrs1466560 (0.17) in this
cohort was slightly higher than that observed in the HapMap-
CEU population (0.14)."

[0193] Table 3 above shows the associated risk (ORs) for
individuals with higher vs. lower levels of risk factors (or
presence vs. absence of risk alleles) before and after multi-
variate adjustment. After adjustment for other risk factors,
rs4674485 or rs1466560 were associated with a ~3-fold
increase in the risk of developing AF in hypertensive indi-
viduals. ROC curves (FIG. 5) show the specificity of the
models containing one or multiple factors at different levels
of sensitivity. The single factor with the highest sensitivity/
specificity was ANP with an area under the receiver operating
characteristic curve (AUC) of 0.81 (FIG. 5; and Table 6
below). When ANP, pulse pressure and LA volume were used
together, the AUC increased to 0.87 (P<1x107*?). The use of
SNPs without clinical covariates had an AUC of 0.71, similar
to that of atrial volume (Table 6 below). For all predictors
AUC increased after adding genetic information (Table 6).
The combined use of clinical, factors and genetic markers
increased the AUC to 0.90 (P<1x107'%). ROC curves show
that at sensitivity levels>60% the use of SNPs increased the
specificity of the combined model (FIG. 5).

TABLE 6

Area under the curve for multiple risk factors

Test variables AUC P value
SNPs 0.71 1.5x107°
ANP 0.81 3.1x107%°
ANP + SNPs* 0.85 1.5x107%2
Pulse pressure 0.61 2.5%x1072
Pulse pressure + SNPs* 0.79 6.6x107°
LA volume 0.71 2.8x107°
LA volume + SNPs* 0.76 1.7x 1077
PP + LA volume + ANP 0.87 1.0x 1071
PP + LA volume + ANP + SNPs* 0.9 3.6x 10716

*Presence of any risk allele (1s4674485A or rs 1466560G).

AUC, area under the curve from ROC curves in FIG. 4. PP: pulse pressure; LA left atrium;
ANP: Atrial natriuretic peptide.

improves the AUC of traditional risk factor models containing
clinical, echocardiographic or neuroendocrine factors in a
well-characterized cohort of hypertensive individuals.

Example 3

Characteristics of Polymorphic Markers rs4674485
and rs1466560

[0195] SNP rs4674485, the top marker associated with AF
according to the present invention, is located in an area where
QTLs for blood pressure,*® and cardiac mass *' have been
identified. SLC4A3 is located ~300 kb upstream rs4674485
(FIG. 3). This gene encodes a protein integral to plasma
membrane that exchanges ClI”/HCO;~ and contributes to
regulation of intracellular pH and chloride in cardiac muscle,
with possible effects on excitability and contractility.>>
Human SLC4A3/AE3 polymorphisms have been associated
with seizure disorders.>* However, it is unknown whether
mutations of this gene were associated with AF.

[0196] SNP rs1466560 is located in a region harboring
QTLs in rodents for heart rate,>® blood pressure,** cardiac
mass and stress responses (corticosterone levels and stress-
related disease susceptibility).> This area has also been pre-
viously identified by linkage analysis to harbor QTLs causing
dilated cardiomiopathy associated with rhythm and conduc-
tion abnormalities, including atrial flutter or fibrillation.>®
Other neighboring genes includes tRNA nucleotidyl trans-
ferase (TRNT1), involved in RNA processing, and contactin
4 (CNTN4), a membrane protein that functions as a cell
adhesion molecule and may play a role in the formation of
axon connections in the developing nervous system.>”
[0197] Although the present invention has been described
hereinabove by way of specific embodiments thereof, it can
be modified, without departing from the spirit and nature of
the subject invention as defined in the appended claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 39

<210> SEQ ID NO 1

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens
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<400>

SEQUENCE: 1

cacagcaaat ggccgatcat gtaccatctt gettcatcca cecccaaact g

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

<400>

SEQ ID NO 2

LENGTH: 51

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 2

cacagcaaat ggccgatcat gtacegtett gettcatceca cccccaaact g

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

<400>

SEQ ID NO 3

LENGTH: 51

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 3

tcatgtttaa tatctaactg tatgcgttta tgattaaaaa ataaagttga a

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

<400>

SEQ ID NO 4

LENGTH: 51

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 4

tcatgtttaa tatctaactg tatgetttta tgattaaaaa ataaagttga a

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

<400>

SEQ ID NO 5

LENGTH: 52

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 5

tgaactagga tatttggata taagcaatga actaggatat ttggcagaag aa

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

<400>

SEQ ID NO 6

LENGTH: 52

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 6

tgaactagga tatttggata taagcagtga actaggatat ttggcagaag aa

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

<400>

SEQ ID NO 7

LENGTH: 52

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 7

accagccaga gagatctgca ggaactatac tacagcccgt aagaggtgag gc

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

<400>

SEQ ID NO 8

LENGTH: 52

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 8

accagccaga gagatctgca ggaactgtac tacageccgt aagaggtgag gce

51

51

51

51

52

52

52

52
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<210>
<211>
<212>
<213>

<400>

SEQ ID NO
LENGTH: 51
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

9

9

tggttaagcc agttgttcat acttccttta caaatataaa gatagctgtt t

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

<400>

SEQ ID NO
LENGTH: 51
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

10

10

tggttaagce agttgttcat acttegttta caaatataaa gatagetgtt t

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

<400>

agctaggtgt aaagtcagac aagcctggga ttg

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

<400>

agctaggtgt aaagtcggac aagcctggga ttg

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

<400>

SEQ ID NO
LENGTH: 33
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 33
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

SEQ ID NO
LENGTH: 51
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

11

11

12

12

13

13

tctaggtcat gacctggagt cccaacgatg aggcagttac ccaggtgect ¢

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

<400>

SEQ ID NO
LENGTH: 51
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

14

14

tctaggtcat gacctggagt cccaatgatg aggcagttac ccaggtgect ¢

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

<400>

SEQ ID NO
LENGTH: 51
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

15

15

gcaggcaaat aagtaaataa acaaacgaaa tcattataga cagcactggg t

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

<400>

SEQ ID NO
LENGTH: 51
TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE :

16

16

51

51

33

33

51

51

51
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gcaggcaaat aagtaaataa acaaaggaaa tcattataga cagcactggg t 51

<210> SEQ ID NO 17

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 17

ttatcataat tctacatagg attagcggag agaaggatct caaataaatt a 51
<210> SEQ ID NO 18

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 18

ttatcataat tctacatagg attagtggag agaaggatct caaataaatt a 51
<210> SEQ ID NO 19

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 19

cagcactttg gttcaccttt tcttcaatat tgtgattett tttgtcataa g 51
<210> SEQ ID NO 20

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 20

cagcactttg gttcaccttt tcttcgatat tgtgattctt tttgtcataa g 51
<210> SEQ ID NO 21

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 21

tttcatttgt getttttetg ttcaaattte ttgtatgtgt ttcatataac a 51
<210> SEQ ID NO 22

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 22

tttcatttgt getttttetg ttcaagttte ttgtatgtgt ttcatataac a 51
<210> SEQ ID NO 23

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 23

atgggtcaga acagagtgag tcacacaaac caccatgcag ttcccaggtg a 51

<210> SEQ ID NO 24
<211> LENGTH: 51
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<212>
<213>

<400>

TYPE: DNA
ORGANISM: homo sapiens

SEQUENCE: 24

atgggtcaga acagagtgag tcacataaac caccatgcag ttcccaggtg a

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

<400>

SEQ ID NO 25

LENGTH: 51

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 25

taagtgetgt gtggaataaa ctcgecatage caatgaagga agatgaggaa ¢

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

<400>

SEQ ID NO 26

LENGTH: 51

TYPE: DNA

ORGANISM: homo sapiens

SEQUENCE: 26

taagtgctgt gtggaataaa ctcgegtagce caatgaagga agatgaggaa c

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 27

LENGTH: 51

TYPE: DNA

ORGANISM: homo sapiens

FEATURE:

NAME/KEY: misc_feature

LOCATION: (26)..(26)

OTHER INFORMATION: n is a, ¢, or t

SEQUENCE: 27

cacagcaaat ggccgatcat gtaccntctt gettcatceca cecccaaact g

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 28

LENGTH: 51

TYPE: DNA

ORGANISM: homo sapiens

FEATURE:

NAME/KEY: misc_feature

LOCATION: (26)..(26)

OTHER INFORMATION: n is a, ¢ or g

SEQUENCE: 28

tcatgtttaa tatctaactg tatgenttta tgattaaaaa ataaagttga a

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 29

LENGTH: 52

TYPE: DNA

ORGANISM: homo sapiens

FEATURE:

NAME/KEY: misc_feature

LOCATION: (27)..(27)

OTHER INFORMATION: n ig a, ¢, or t

SEQUENCE: 29

tgaactagga tatttggata taagcantga actaggatat ttggcagaag aa

<210>
<211>
<212>
<213>
<220>
<221>

SEQ ID NO 30

LENGTH: 52

TYPE: DNA

ORGANISM: homo sapiens
FEATURE:

NAME/KEY: misc_feature

51

51

51

51

51

52
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<222> LOCATION: (27)..(27)
<223> OTHER INFORMATION: n is ¢, g, or t

<400> SEQUENCE: 30

accagccaga gagatctgca ggaactntac tacagcccgt aagaggtgag gc 52

<210> SEQ ID NO 31

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc _feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is a, ¢, or t

<400> SEQUENCE: 31

tggttaagece agttgttcat acttenttta caaatataaa gatagetgtt t 51

<210> SEQ ID NO 32

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is a, g, or t

<400> SEQUENCE: 32

ttatcataat tctacatagg attagnggag agaaggatct caaataaatt a 51

<210> SEQ ID NO 33

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is a, ¢, or g

<400> SEQUENCE: 33

tctaggtcat gacctggagt cccaangatg aggcagttac ccaggtgect ¢ 51

<210> SEQ ID NO 34

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is a, g, or t

<400> SEQUENCE: 34

gcaggcaaat aagtaaataa acaaangaaa tcattataga cagcactggg t 51

<210> SEQ ID NO 35

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is a, g, or t

<400> SEQUENCE: 35

atgggtcaga acagagtgag tcacanaaac caccatgcag ttcccaggtg a 51



US 2012/0065075 Al Mar. 15, 2012
29

-continued

<210> SEQ ID NO 36

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is ¢, g, or t

<400> SEQUENCE: 36

taagtgetgt gtggaataaa ctcgentage caatgaagga agatgaggaa ¢ 51

<210> SEQ ID NO 37

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is ¢, g, or t

<400> SEQUENCE: 37

cagcactttg gttcaccttt tcttcnatat tgtgattctt tttgtcataa g 51

<210> SEQ ID NO 38

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: n is a, ¢, or t

<400> SEQUENCE: 38

tttcatttgt getttttctg ttcaanttte ttgtatgtgt ttcatataac a 51

<210> SEQ ID NO 39

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: n is ¢, g, or t

<400> SEQUENCE: 39

agctaggtgt aaagtengac aagcctggga ttg 33

1. A method of determining a predisposition to atrial fibril- h) rs1897527;
lation (AF) in a subject comprising: determining the presence 1) rs2299277,
of at least one copy of arisk allele from at least one polymor- j) 1s2418828;
phic marker in a sample from the subject, wherein the pres- k) rs2385833;
ence of at least one copy of the risk allele is indicative of a 1) 16717960,
predisposition to AF, and wherein said at least one polymor- m) rs10510266; or

phic marker is: n) a substitute polymorphic marker in linkage disequilib-
a) rs4674485; rium with any one of the polymorphic markers of a) to
b) rs1466560; m).
¢) rs1830039; 2. The method of claim 1, comprising comparing a
d) rs3849387; sequence of said at least one polymorphic marker from the
e) rs7039; subject to a reference sequence not associated with AF.
1) rs2952860; 3. The method of claim 1, wherein said sample is a nucleic
) rs9312515; acid sample.
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4. The method of claim 1, wherein said sample is a protein
sample.

5. The method of claim 3, wherein the reference sequence
is anucleic acid sequence comprising the sequence of: a) SEQ
ID NO:2 for the polymorphic marker rs4674485; b) SEQ ID
NO:4 for the polymorphic marker rs1466560; ¢) SEQ ID
NO:14 for the polymorphic marker rs1880039; d) SEQ ID
NO:15 for the polymorphic marker rs3849387; ) SEQ ID
NO:10 for the polymorphic marker rs7039; f) SEQ IDNO:17
for the polymorphic marker rs2952860; g) SEQ ID NO:19 for
the polymorphic marker rs9312515; h) SEQ ID NO:22 for the
polymorphic marker rs1897527; i) SEQ ID NO:23 for the
polymorphic marker rs2299277; j) SEQ ID NO:25 for the
polymorphic marker rs2418828; k) SEQ ID NO:6 for the
polymorphic marker rs2385833; 1) SEQ ID NO:7 for the
polymorphic marker rs6717960; m) SEQ ID NO:11 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

6. The method of claim 1, wherein the risk allele comprises
the nucleic acid sequence of: a) SEQ ID NO:27 for the poly-
morphic marker rs4674485; b) SEQ ID NO:28 for the poly-
morphic marker rs1466560; ¢) SEQ ID NO:33 for the poly-
morphic marker rs1880039; d) SEQ ID NO:34 for the
polymorphic marker rs3849387; ¢) SEQ ID NO:31 for the
polymorphic marker rs7039; f) SEQ ID NO:32 for the poly-
morphic marker rs2952860; g) SEQ ID NO:37 for the poly-
morphic marker rs9312515; h) SEQ ID NO:38 for the poly-
morphic marker rs1897527; i) SEQ ID NO:35 for the
polymorphic marker rs2299277; j) SEQ ID NO:36 for the
polymorphic marker rs2418828; k) SEQ ID NO:29 for the
polymorphic marker rs2385833; 1) SEQ ID NO:30 for the
polymorphic marker rs6717960; m) SEQ ID NO:39 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

7. The method of claim 6, wherein the risk allele comprises
the nucleic acid sequence of: a) SEQ ID NO:1 for the poly-
morphic marker rs4674485; b) SEQ ID NO:3 for the poly-
morphic marker rs1466560; ¢) SEQ ID NO:13 for the poly-
morphic marker rs1880039; d) SEQ ID NO:16 for the
polymorphic marker rs3849387; ) SEQ ID NO:9 for the
polymorphic marker rs7039; f) SEQ ID NO:18 for the poly-
morphic marker rs2952860; g) SEQ ID NO:20 for the poly-
morphic marker rs9312515; h) SEQ ID NO:21 for the poly-
morphic marker rs1897527; i) SEQ ID NO:24 for the
polymorphic marker rs2299277; j) SEQ ID NO:26 for the
polymorphic marker rs2418828; k) SEQ ID NO:5 for the
polymorphic marker rs2385833; 1) SEQ ID NO:8 for the
polymorphic marker rs6717960; m) SEQ ID NO:12 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

8. The method of claim 1, wherein said at least one poly-
morphic marker comprises rs4674485.

9. The method of claim 1, wherein said at least one poly-
morphic marker comprises rs1466560.

10. The method of claim 1, wherein said at least one poly-
morphic marker is at least one substitute polymorphic marker
in linkage disequilibrium with any one of the polymorphic
markers of a) to j).

11. The method of claim 10, wherein said at least one
substitute polymorphic marker is rs2385833 or rs6717960
and wherein rs2385833 or rs6717960 are in linkage disequi-
librium with rs4674485.
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12. The method of claim 10, wherein said at least one
substitute polymorphic marker is rs10510266, and wherein
rs10510266 is in linkage disequilibrium with rs1466560.

13. The method of claim 1, further comprising determining
the presence of at least one of:

(a) pulse pressure;

(b) left atrial volume; and

(c) atrial natriuretic peptide (ANP) concentration,
wherein a higher pulse pressure and/or left atrial volume as
compared to normotensive subjects or a decrease in ANP
concentration as compared to hypertensive individuals is
indicative of an increased risk of suffering from atrial fibril-
lation.

14. The method of claim 13, wherein said decrease in ANP
concentration is equivalent to the ANP concentration in nor-
motensive individuals.

15. A method of determining a predisposition to atrial
fibrillation (AF) in a subject suffering from hypertension
comprising;

determining at least one of

a) pulse pressure;

b) left atrial volume; and

¢) Atrial Natriuretic Peptide (ANP) concentration,
in said subject,
wherein a higher pulse pressure and/or higher left atrial vol-
ume and/or a lower concentration of ANP as compared to an
hypertensive subject not suffering from AF is indicative of an
increased risk of suffering from AF.

16. The method of claim 13, wherein at least two of pulse
pressure, left atrial volume and ANP blood concentration are
determined.

17. The method of 16, wherein pulse pressure, left atrial
volume and ANP blood concentration are determined.

18. The method of claim 1, wherein said AF is paroxysmal
AF.

19. The method of claim 1, wherein said subject suffers
from hypertension.

20. The method of claim 1, wherein said method has a
specificity of at least 80%.

21. The method of claim 1, wherein said method has a
specificity of at least 85%.

22. The method of claim 1, further comprising determining
whether said subject is in need of preventive medication.

23. The method of claim 1, further comprising assessing
the subject’s probability of response to a therapeutic agent for
preventing and/or ameliorating symptoms associated with AF
and/or stroke.

24. A kit for determining a predisposition to atrial fibrilla-
tion (AF) in a subject comprising: reagents for determining
the presence of at least one copy of a risk allele from at least
one polymorphic marker in a sample from the subject,
wherein the presence of at least one copy of the risk allele is
indicative of a predisposition to AF and wherein said at least
one polymorphic marker is:

a) rs4674485;

b) rs1466560;

¢) rs1880039;

d) rs3849387;

e) rs7039;

1) rs2952860;

g) 1s9312515;

h) rs1897527;

1) 152299277,

j) rs2418828;
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k) rs2385833;

1) rs6717960;

m) rs10510266; or

n) a substitute polymorphic marker in linkage disequilib-

rium with any one of the polymorphic markers of a) to

25. The kit of claim 24, further comprising reagents for
determining the presence of a reference sequence of the poly-
morphic maker, wherein said reference sequence is not asso-
ciated with AF.

26. The kit of claim 24, wherein said sample is a nucleic
acid sample.

27. The kit of claim 24, wherein said sample is a protein
sample.

28. The kit of claim 25, wherein the reference sequence is
a nucleic acid sequence comprising the sequence of: a) SEQ
ID NO:2 for the polymorphic marker rs4674485; b) SEQ ID
NO:4 for the polymorphic marker rs1466560; ¢) SEQ ID
NO:14 for the polymorphic marker rs1880039; d) SEQ ID
NO:15 for the polymorphic marker rs3849387; ) SEQ ID
NO:10 for the polymorphic marker rs7039; f) SEQ IDNO:17
for the polymorphic marker rs2952860; g) SEQ ID NO:19 for
the polymorphic marker rs9312515; h) SEQ ID NO:22 for the
polymorphic marker rs1897527; i) SEQ ID NO:23 for the
polymorphic marker rs2299277; j) SEQ ID NO:25 for the
polymorphic marker rs2418828; k) SEQ ID NO:6 for the
polymorphic marker rs2385833; 1) SEQ ID NO:7 for the
polymorphic marker rs6717960; m) SEQ ID NO:11 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

29. The kit of claim 24, wherein the risk allele comprises
the nucleic acid sequence of: a) SEQ ID NO:27 for the poly-
morphic marker rs4674485; b) SEQ ID NO:28 for the poly-
morphic marker rs1466560; ¢) SEQ ID NO:33 for the poly-
morphic marker rs1880039; d) SEQ ID NO:34 for the
polymorphic marker rs3849387; ) SEQ ID NO:31 for the
polymorphic marker rs7039; f) SEQ ID NO:32 for the poly-
morphic marker rs2952860; g) SEQ ID NO:37 for the poly-
morphic marker rs9312515; h) SEQ ID NO:38 for the poly-
morphic marker rs1897527; i) SEQ ID NO:35 for the
polymorphic marker rs2299277; j) SEQ ID NO:36 for the
polymorphic marker rs2418828; k) SEQ ID NO:29 for the
polymorphic marker rs2385833; 1) SEQ ID NO:30 for the
polymorphic marker rs6717960; m) SEQ ID NO:39 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

30. The kit of claim 29, wherein the risk allele comprises
the nucleic acid sequence of: a) SEQ ID NO:1 for the poly-
morphic marker rs4674485; b) SEQ ID NO:3 for the poly-
morphic marker rs1466560; ¢) SEQ ID NO:13 for the poly-
morphic marker rs1880039; d) SEQ ID NO:16 for the
polymorphic marker rs3849387; e¢) SEQ ID NO:9 for the
polymorphic marker rs7039; f) SEQ ID NO:18 for the poly-
morphic marker rs2952860; g) SEQ ID NO:20 for the poly-
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morphic marker rs9312515; h) SEQ ID NO:21 for the poly-
morphic marker rs1897527; i) SEQ ID NO:24 for the
polymorphic marker rs2299277; j) SEQ ID NO:26 for the
polymorphic marker rs2418828; k) SEQ ID NO:5 for the
polymorphic marker rs2385833; 1) SEQ ID NO:8 for the
polymorphic marker rs6717960; m) SEQ ID NO:12 for the
polymorphic marker rs10510266; or n) a complement of any
one of a) to m).

31. Thekit of claim 24, wherein said kit comprises reagents
for determining the presence of the polymorphic marker
rs4674485.

32. Thekit of claim 24, wherein said kit comprises reagents
for determining the presence of the polymorphic marker
rs1466560.

33. Thekit of claim 24, wherein said kit comprises reagents
for determining the presence of at least one substitute poly-
morphic marker in linkage disequilibrium with any one of the
polymorphic markers of a) to j).

34. The kit of claim 33, wherein said at least one substitute
polymorphic marker is rs2385833 or rs6717960 and wherein
rs2385833 or rs6717960 are in linkage disequilibrium with
rs4674485.

35. The kit of claim 33, wherein said at least one substitute
polymorphic marker is rs10510266, and wherein rs10510266
is in linkage disequilibrium with rs1466560.

36. The kit of claim 24, further comprising reagents and/or
instructions for determining the presence of at least one of:

(a) pulse pressure;

(b) left atrial volume; and

(c) atrial natriuretic peptide (ANP) concentration,
in said subject.

37. The kit of claim 36, wherein said decrease in ANP
concentration is equivalent to the ANP concentration in nor-
motensive individuals.

38. A kit for determining a predisposition to atrial fibrilla-
tion (AF) in a subject suffering from hypertension comprising
reagents and/or instructions for determining at least one of:

(a) pulse pressure;

(b) left atrial volume; and

(c) atrial natriuretic peptide (ANP) concentration,
in said subject.

39. Thekit of claim 36, comprising reagents and/or instruc-
tions for determining at least two of pulse pressure, left atrial
volume and ANP blood concentration.

40. The kit of claim 39, comprising reagents and/or instruc-
tions for determining pulse pressure, left atrial volume and
ANP blood concentration.

41. The kit of claim 24, for determining a predisposition to
paroxysmal AF.

42. The kit of claim 24, for determining a predisposition to
paroxysmal AF in a subject suffering from hypertension.

43. The kit of claim 24, wherein said reagents comprises at
least one primer and/or probe.
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