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(54) Title: BIOMARKERS FOR ADIPOSE TISSUE ACTIVITY

(57) Abstract: The invention provides compositions and methods for determining a subject's adipose tissue activity. In one em-
bodiment, the composition comprises a solid support comprising probes for measuring a biomarker panel comprising, for exam-
ple, adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin. The simultaneous use of multiple biomarkers with inde-
pendent classification power will increase the performance of the biomarker panel in identitying adipose tissue activity, which is
associated with various disease states including chronic or systemic inflammation, atherosclerosis and other cardiovascular risks
and complications. The invention also provides methods of treating a subject and determining the etficacy of a therapy through as-
saying the various biomarkers of a biomarker panel disclosed herein.
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BIOMARKERS FOR ADIPOSE TISSUE ACTIVITY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims under 35 USC 119(e) the benefit of US Application
61/141,657, filed December 30, 2009, which is incorporated by reference in its

entirety.

TECHNICAL FIELD

[0002] The invention provides compositions and methods for determining adipose
tissue activity in a subject. The invention also provides compositions and methods for
treating a subject and determining the efficacy of a therapy according to adipose

tissue activity.

BACKGROUND

[0003] Current methods of identifying and quantifying the activity level of visceral
and subcutaneous lipid tissue rely on indirect assumptions based on clinical measures
(e.g., BMI, waist circumference, etc.). As a result, there is currently no clear guidance
on how lipid tissue activity needs to be taken into consideration in daily clinical

practice.

SUMMARY OF THE INVENTION

[0004] In one aspect, the invention provides a kit comprising: (a) a first solid
support comprising: (i) a capture binding ligand selective for adiponectin and (ii) a
capture binding ligand selective for resistin, and (b) a second solid support
comprising: (i) a capture probe selective for PAI-1 nucleic acid.

[0005] In one embodiment, one of the capture binding ligands comprises an

antibody.

[0006] In one embodiment, the kit further comprises: (a) a soluble capture ligand
selective for adiponectin; and (b) a soluble capture ligand selective for resistin,
wherein each of the soluble capture ligands comprises a detectable label.

[0007] In one embodiment, the kit further comprises: (a) a label probe selective for
PAI-1 nucleic acid wherein the label probe comprises a detectable label.
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[0008] In one embodiment, the kit further comprises: (a) a primer selective for PAI-

1 nucleic acid, wherein the primer optionally comprises a detectable label.
[0009] In one embodiment, a detectable label is a fluorophore.
[0010] In one embodiment, a detectable label comprises biotin.

[0011] In one embodiment, the kit further comprises a horseradish peroxidase

conjugate.
[0012] In one embodiment, the kit further comprises a precipitating agent.

[0013] In one aspect, the invention provides a method of assaying a sample
comprising (a) taking a measurement of the concentrations of adiponectin, resistin and

PAI-1 nucleic acid in the sample, thereby assaying the sample.
[0014] In one embodiment, the sample is derived from a subject.

[0015] In one aspect, the invention provides a method of treating atherosclerosis in
a subject comprising (a) measuring the concentrations of adiponectin, resistin and

PAI-1 nucleic acid in a first sample from the subject; and (b) effecting a first therapy
on the subject, wherein the concentrations of adiponectin, resistin and PAI-1 nucleic
acid in a second sample from the subject are changed with respect to the first sample.

[0016] In one embodiment, one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration; (b) a decrease in resistin concentration
and (c) a decrease in PAI-1 nucleic acid concentration occur(s) between the first

sample and the second sample from the subject after the first therapy.

[0017] In one embodiment, one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration of about 50% to about 100%, (b) a
decrease in resistin concentration of about 30% to about 60% and (c) a decrease in
PAI-1 nucleic acid concentration of about 10% to about 40% occur(s) between the
first sample and the second sample from the subject after the first therapy.

[0018] In one embodiment, effecting the first therapy comprises administering a

first disease-modulating drug to the subject.

[0019] In one embodiment, effecting the first therapy comprises causing the subject

to change diet, to exercise or to lose weight.
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[0020] In one aspect, the invention provides a method of assessing the efficacy of a
first therapy on a subject comprising: (a) taking a first measurement of the
concentrations of adiponectin, resistin and PAI-1 nucleic acid in a first sample from
the subject; (b) effecting the first therapy on the subject; (c) taking a second
measurement of the concentrations of adiponectin, resistin and PAI-1 nucleic acid in a
second sample from the subject; and (d) making a comparison between the first and

second measurements.

[0021] In one embodiment, the method further comprises (e) effecting a second
therapy on the subject based on the comparison.

[0022] In one embodiment, effecting the first therapy comprises administering a
first disease-modulating drug to the subject according to a first dosage regimen.

[0023] In one embodiment, effecting a second therapy comprises making a decision
regarding the continued administration of the first disease-modulating drug.

[0024] In one embodiment, effecting a second therapy comprises administering a
second disease-modulating drug to the subject.

[0025] In one embodiment, effecting a second therapy comprises administering a
statin to the subject.

[0026] In one embodiment, effecting a second therapy comprises discontinuing the
administration of the first disease-modulating drug.

[0027] In one embodiment, effecting a second therapy comprises repeating or

maintaining the administration of the first disease-modulating drug.

[0028] In one embodiment, effecting a second therapy comprises administering the
first disease-modulating drug according to an adjusted dosage regimen compared to
the first dosage regimen.

[0029] In one embodiment, the adjusted dosage regimen depends on the degree of
change in the concentration(s) of one, a combination or all of adiponectin, resistin and

PAI-1 nucleic acid between the first and second measurement.

[0030] In one embodiment, if one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration of about 50% to about 100%, (b) a
decrease in resistin concentration of about 30% to about 60% and (c) a decrease in
PAI-1 nucleic acid concentration of about 10% to about 40% occur(s) between the
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first and second measurements, then effecting a second therapy comprises repeating

or maintaining the administration of the first disease-modulating drug.

[0031] In one embodiment, if one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration of about 50% to about 100%, (b) a
decrease in resistin concentration of about 30% to about 60% and (c) a decrease in
PAI-1 nucleic acid concentration of about 10% to about 40% do(es) not occur
between the first and second measurements, then effecting a second therapy
comprises discontinuing the administration of the first disease-modulating drug.

[0032] In one embodiment, the first disease-modulating drug is an insulin sensitizer.
[0033] In one embodiment,, the insulin sensitizer is a glitazone.
[0034] In one embodiment, the glitazone is pioglitazone.

[0035] In one embodiment, effecting the first therapy comprises causing the subject
to change diet, to exercise or to lose weight.

[0036] In one embodiment, one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration, (b) a decrease in resistin concentration
and (c) a decrease in PAI-1 nucleic acid concentration occur(s) between the first and

second measurements.

[0037] In one embodiment, wherein one, a combination or all of the changes
selected from (a) an increase in adiponectin concentration of about 50% to about
100%, (b) a decrease in resistin concentration of about 30% to about 60% and (c) a
decrease in PAI-1 nucleic acid concentration of about 10% to about 40% occur(s)

between the first and second measurements.
[0038] In one embodiment, the subject is experiencing atherosclerosis.
[0039] In one embodiment, a sample comprises blood.

[0040] In one embodiment, a sample is contacted with the first and/or second solid
support of a kit of the invention.

[0041] In one aspect, the invention provides a method of acquiring data relating to
sample comprising (a) taking a measurement of the concentrations of adiponectin,
resistin and PAI-1 nucleic acid in the sample, thereby acquiring data relating to the

sample.
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[0042] In one embodiment, the sample is derived from a subject, optionally wherein
the subject is experiencing atherosclerosis.

[0043] In one embodiment, the sample comprises blood.

[0044] In one embodiment, the sample is contacted with the first and/or second
solid support of a kit of the invention.

[0045] In one aspect, the invention provides a use of a kit of the invention to
determine a second therapy for a subject that has undergone a first therapy, wherein
the subject is experiencing atherosclerosis.

[0046] In one aspect, the invention provides a use of a kit of the invention to
determine whether a subject belongs to a population that would benefit from a second
therapy, wherein the subject has undergone a first therapy.

[0047] In one embodiment, the use comprises (a) contacting a first sample from the
subject with the first and/or second solid support of the kit; (b) taking a first
measurement of the concentrations of adiponectin, resistin and PAI-1 nucleic acid in
the first sample; (c) effecting a first therapy on the subject; (d) contacting a second
sample from the subject with the first and/or second solid support of the kit; and ()

making a comparison of the first and second measurements.

[0048] In one embodiment, effecting the first therapy comprises administering a
first disease-modulating drug to the subject according to a first dosage regimen.

[0049] In one embodiment, the second therapy comprises administering a second
disease-modulating drug to the subject.

[0050] In one embodiment, the second therapy comprises administering a statin to
the subject.

[0051] In one embodiment, the second therapy comprises discontinuing the
administration of the first disease-modulating drug.

[0052] In one embodiment, the second therapy comprises repeating or maintaining
the administration of the first disease-modulating drug.

[0053] In one embodiment, the second therapy comprises administering the first
disease-modulating drug according to an adjusted dosage regimen compared to the
first dosage regimen.
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[0054] In one embodiment, the adjusted dosage regimen depends on the degree of
change in the concentration(s) of one, a combination or all of adiponectin, resistin and

PAI-1 nucleic acid between the first and second measurement.

[0055] In one embodiment, if one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration, (b) a decrease in resistin concentration
and (c) a decrease in PAI-1 nucleic acid concentration occur(s) between the first and
second measurements, then the second therapy comprises repeating or maintaining the

administration of the first disease-modulating drug.

[0056] In one embodiment, if one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration of about 50% to about 100%, (b) a
decrease in resistin concentration of about 30% to about 60% and (c) a decrease in
PAI-1 nucleic acid concentration of about 10% to about 40% occur(s) between the
first and second measurements, then the second therapy comprises repeating or

maintaining the administration of the first disease-modulating drug.

[0057] In one embodiment, if one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration of about 50% to about 100%, (b) a
decrease in resistin concentration of about 30% to about 60% and (c) a decrease in
PAI-1 nucleic acid concentration of about 10% to about 40% do(es) not occur
between the first and second measurements, then the second therapy comprises
discontinuing the administration of the first disease-modulating drug.

[0058] In one embodiment, the first disease-modulating drug is an insulin sensitizer.
[0059] In one embodiment, the insulin sensitizer is a glitazone.
[0060] In one embodiment, the glitazone is pioglitazone.

[0061] In one embodiment, effecting the first therapy comprises causing the subject
to change diet, to exercise or to lose weight.

[0062] In one embodiment, one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration, (b) a decrease in resistin concentration
and (c) a decrease in PAI-1 nucleic acid concentration occur(s) between the first and

second measurements.

[0063] In one embodiment, one, a combination or all of the changes selected from
(a) an increase in adiponectin concentration of about 50% to about 100%, (b) a
decrease in resistin concentration of about 30% to about 60% and (c) a decrease in
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PAI-1 nucleic acid concentration of about 10% to about 40% occur(s) between the

first and second measurements.

[0064] In one embodiment, the second therapy comprises administering a disease
modulating drug to the subject.

[0065] In one embodiment, the subject is experiencing atherosclerosis.
[0066] In one embodiment, a sample comprises blood.

[0067] In one embodiment, a given biomarker panel can be replaced with any other
panel disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0068] Fig. 1 shows examples of two different assay configurations.

[0069] Figs. 2-10 show sequences of biomarkers useful in the invention.

DESCRIPTION OF EMBODIMENTS

[0070] The present invention provides compositions and methods for the detection
or quantification of a set of particular biomarkers (including, but not limited to,
adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin) that allow for
determining adipose tissue activity in a subject. The biomarker panel provided herein
allows for identification and characterization of endocrine activity of the visceral
tissue. Through the biomarker panels and methods of their use as provided herein, a
practitioner will be able to identify and quantify the activity level of visceral and
subcutaneous lipid tissue and to identify chronic systemic inflammation induced by
lipid tissue growth. Active visceral tissue secretion supports the development of
atherosclerosis and cardiovascular complications. Application of the assays provided
herein for adipose tissue activity will help to identify patients with increased
cardiovascular risk. Those patients can be placed under high scrutiny through
assessment visits and testing and can be persuaded or even coerced to live a healthy
lifestyle. Thus, measurement of the presence or quantity of the biomarkers provided
herein allows for selection and monitoring of efficient risk-reducing treatment to

avoid complications associated with adipose tissue activity.

[0071] A large number of biomarkers are known for a variety of metabolic,
diabetic, and cardiovascular conditions. See US/2008/0057590, incorporated by
reference in its entirety. However, the present invention is particularly directed to the
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use of a minimum number of biomarkers to provide a maximum amount of
information concerning adipose tissue function in a subject. The invention provides
for the detection and quantification of levels of adiponectin, resistin, PAI-1, optionally
leptin and optionally visfatin which in combination are useful as biomarkers for
adipose tissue activity, partly because, as discussed below, each allows the assessment
of a different aspect of adipose tissue activity. A panel of biomarkers comprising or
consisting of adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin
may be combined with measurements of other biomarkers (for example, a fatty acid)
and clinical parameters to assess adipose tissue activity. The invention also provides
for the detection and quantification of levels of other biomarker panels, such as those
comprising or consisting of adiponectin, vaspin, PAI-1, angiotensin, [L-6, resistin and

visfatin, or combinations thereof for assessing adipose tissue activity.

[0072] Thus, the invention provides biological markers that in various
combinations can be used in methods to monitor subjects that are undergoing
therapies affecting adipose tissue activity. Indications of adipose tissue activity allow
a caregiver to select or modify therapies or interventions for treating subjects.

Biomarkers

[0073] Biomarkers may originate from epidemiological studies, animal studies,
pathophysiological considerations and end-organ experiments. Ideally, a biomarker
will have a high predictive value for a meaningful outcome measure, can be or is
validated in appropriately designed prospective trials, reflects therapeutic success by
corresponding changes in the surrogate marker results, and should be easy to assess in

clinical practice.

[0074] The term “surrogate marker,” “biomolecular marker,” “biomarker” or

29 ¢

“marker” (also sometimes referred to herein as a “target analyte,” “target species” or
“target sequence”) refers to a molecule whose measurement provides information as
to the state of a subject. In various exemplary embodiments, the biomarker is used to
assess a pathological state. Measurements of the biomarker may be used alone or
combined with other data obtained regarding a subject in order to determine the state
of the subject. In one embodiment, the biomarker is “differentially present” in a
sample taken from a subject of one phenotypic status (e.g., having a disease) as
compared with another phenotypic status (e.g., not having the disease). In one
embodiment, the biomarker is “differentially present” in a sample taken from a
subject undergoing no therapy or one type of therapy as compared with another type

of therapy. Alternatively, the biomarker may be “differentially present” even if there
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is no phenotypic difference, e.g. the biomarkers may allow the detection of
asymptomatic risk. A biomarker may be determined to be “differentially present” in a
variety of ways, for example, between different phenotypic statuses if the mean or
median level or concentration (particularly the expression level of the associated
mRNAs as described below) of the biomarker in the different groups is calculated to
be statistically significant. Common tests for statistical significance include, among
others, t-test, ANOVA, Kruskal-Wallis, Wilcoxon, Mann-Whitney and odds ratio.

[0075] As described herein, a biomarker may be, for example, a small molecule
(i.e., having low molecular weight (e.g. < 1000 Da, and typically between 300 and
700 Da), an analyte or target analyte, a lipid (including glycolipids), a carbohydrate, a
nucleic acid, a protein, any derivative thereof or a combination of these molecules,
with proteins and nucleic acids finding particular use in the invention. As will be
appreciated by those in the art, a large number of analytes may be detected using the
present methods; basically, any biomarker for which a binding ligand, described
below, may be made may be detected using the methods of the invention.

[0076] In various embodiments, the biomarkers used in the panels of the invention
can be detected either as proteins or as nucleic acids (e.g. mRNA or cDNA
transcripts) in any combination. In various embodiments, the protein form of a
biomarker is measured. As will be appreciated by those in the art, protein assays may
be done using standard techniques such as ELISA assays. In various embodiments,
the nucleic acid form of a biomarker (e.g., the corresponding mRNA) is measured. In
various exemplary embodiments, one or more biomarkers from a particular panel are
measured using a protein assay and one or more biomarkers from the same panel are

measured using a nucleic acid assay.

[0077] As will be appreciated by those in the art, there are a large number of
possible proteinaceous target analytes and target species that may be detected using

29 &

the present invention. The term “protein,” “polypeptide” or “oligopeptide” refers to at
least two or more peptides or amino acids joined by one or more peptide bonds. A
protein or an amino acid may be naturally or nonnaturally occurring and may be also
be an analog, a derivative or a peptidomimetic structure. A protein can have a wild-
type sequence, a variant of a wild-type sequence or either of these containing one or
more analogs or derivatized amino acids. A variant may contain one or more
additions, deletions or substitutions of one or more peptides compared to wild-type or
a different variant sequence. Examples of derivatized amino acids include, without
limitation, those that have been modified by the attachment of labels (described

below); acetylation; acylation; ADP-ribosylation; amidation; covalent attachment of



WO 2010/076655 PCT/IB2009/007982

flavin, a heme moiety, a nucleotide, a lipid or phosphatidylinositol; cross-linking;
cyclization; disulfide bond formation; demethylation; esterification; formation of
covalent crosslinks, cystine or pyroglutamate; formylation; gamma carboxylation;
glycosylation; GPI anchor formation; hydroxylation; iodination; methylation;
myristoylation; oxidation; proteolytic processing; phosphorylation; prenylation;
racemization; selenoylation; sulfation; and ubiquitination. Such modifications are
well-known to those of skill in the art and have been described in great detail in the
scientific literature. Several particularly common modifications such as glycosylation,
lipid attachment, sulfation, gamma-carboxylation, hydroxylation and ADP-
ribosylation, for instance, are described in basic texts, such as Creighton, Proteins —
Structure and Molecular Properties, 2d ed. (New York: W. H. Freeman and
Company, 1993). Many detailed reviews are available on this subject, such as in
Johnson, ed., Posttransiational Covalent Modification of Proteins (New Y ork:
Academic Press, 1983); Scifter et al., Meth. Enzymol., 1990, 182: 626-646; and Rattan
ctal., Ann. N.Y. Acad. Sci., 1992, 663: 48-62. As discussed below, when the protein is
used as a binding ligand, it may be desirable to utilize protein analogs to retard

degradation by sample contaminants.

[0078] In various exemplary embodiments, the biomarker is a nucleic acid. The
term “nucleic acid,” “oligonucleotide” or “polynucleotide” herein means at least two
nucleotides covalently linked together. A nucleic acid of the present invention will
generally contain phosphodiester bonds, although in some cases, for example in the
use of binding ligand probes, nucleic acid analogs are included that may have
alternate backbones, comprising, for example, phosphoramide (Beaucage et al.,
Tetrahedron, 49(10): 1925 (1993) and references therein; Letsinger, J. Org. Chem.
35: 3800 (1970); Sprinzl et al., Eur. J. Biochem. 81:579 (1977); Letsinger et al., Nucl.
Acids Res. 14: 3487 (1986); Sawai et al, Chem. Lett. 13(5): 805 (1984); Letsinger et
al., J. Am. Chem. Soc. 110:4470 (1988); and Pauwels et al., Chemica Scripta 26:141
(1986)), phosphorothioate (Mag et al., Nucleic Acids Res. 19:1437 (1991); and US
Patent 5,644,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc. 111:2321
(1989), O-methylphophoroamidite linkages (see Eckstein, Oligonucleotides and
Analogues: A Practical Approach, (Oxford University Press, 1991), and peptide
nucleic acid backbones and linkages (see Egholm, J. Am. Chem. Soc. 114: 1895
(1992); Meier et al., Chem. Int. Ed. Engl. 31: 1008 (1992); Nielsen, Nature, 365: 566
(1993); Carlsson et al., Nature, 380: 207 (1996), all of which are incorporated by
reference). Other analog nucleic acids include those with positive backbones (Denpcy
et al., Proc. Natl. Acad. Sci. USA 92: 6097 (1995)), non-ionic backbones (US Patents
5,386,023; 5,637,684; 5,602,240; 5,216,141 and 4,469,863; Kiedrowshi et al., Angew.
Chem. Intl. Ed. English 30: 423 (1991); Letsinger et al., J. Am. Chem. Soc. 110: 4470

10



WO 2010/076655 PCT/IB2009/007982

(1988); Letsinger et al., Nucleoside & Nucleotide 13: 1597 (1994); Chapters 2 and 3,
ASC Symposium Series 580, “Carbohydrate Modifications in Antisense Research”,
Ed. Y.S. Sanghui and P. Dan Cook; Mesmacker et al., Bioorganic & Medicinal Chem.
Lett. 4: 395 (1994); Jefts et al., J. Biomolecular NMR 34: 17 (1994); and Horn et al.,
Tetrahedron Lett. 37: 743 (1996)) and non-ribose backbones, including those
described in US Patents 5,235,033 and 5,034,506, and Chapters 6 and 7, ASC
Symposium Series 580, “Carbohydrate Modifications in Antisense Research”, Ed.
Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic
sugars are also included within the definition of nucleic acids (see Jenkins et al.,
Chem. Soc. Rev., 24: 169-176 (1995)). Several nucleic acid analogs are described in
Rawls, C & E News, 35 (June 2, 1997). All of these references are hereby expressly
incorporated by reference. These modifications of the ribose-phosphate backbone may
be done to increase the stability and half-life of such molecules in physiological
environments. As will be appreciated by those in the art, all of these nucleic acid
analogs may find use in the present invention. In addition, mixtures of naturally

occurring nucleic acids and analogs can be made.

[0079] In various embodiments, variants of the sequences described herein,
including proteins and nucleic acids based on e.g. splice variants, variants comprising
a deletion, addition, substitution, fragment, preproprotein, proprotein, processed
preproprotein (e.g. without a signaling peptide), processed proprotein (e.g. resulting in
an active form), nonhuman sequences and variant nonhuman sequences may be used
as biomarkers. In some embodiments, the variant sequence has a homology compared
to a parent sequence, such as a sequence described herein, of about a percentage
selected from 30%, 40%, 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%.,
96%, 97%, 98% and 99%.

[0080] It has been found that assays involving the measurement of adiponectin,
resistin, PAI-1, optionally leptin and optionally visfatin in various combinations have
greater value in determining insulin sensitizer drug response than any of these
biomarkers alone. Combinations of these biomarkers allow attainment of clinically
useful sensitivity and specificity. Accordingly, measurements of a biomarker panel
comprising or consisting of adiponectin, resistin, PAI-1, optionally leptin and
optionally visfatin in various combinations may be used to improve the sensitivity
and/or specificity of a diagnostic test compared to a test involving any one of these

biomarkers alone.

11
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adiponectin

[0081] In various embodiments, adiponectin is used as a biomarker. Adiponectin
values are useful as a predictive biomarker for insulin resistance and as a monitoring
tool in the treatment of insulin resistance related disorders. Full-length adiponectin (f-
Ad) is a 30 kDa serum protein specifically secreted by adipocytes. Adiponectin
typically circulates in human blood at concentrations ranging between 5 and 12 mg/L,
thus accounting for approximately 0.01% of total plasma protein. Schondorf et al.,
Clin. Lab., 2005, 51: 489-494. Adiponectin concentrations have higher median values
in females (about 8.7 mg/L) than in males (about 5.5 mg/L), and may be affected by
age as well. Adiponectin concentrations correlate negatively with BMI, visceral fat
mass and insulin concentrations. Accordingly, adiponectin is decreased in obese
subjects and in patients suffering from type 2 diabetes, macroangiopathy or other
metabolic disorders. The lowest adiponectin values have been found in obese patients
with both type 2 diabetes and coronary heart disease.

[0082] A number of compounds have been shown to affect adiponectin
concentrations in a subject. Pfiitzner et al., Diabetes, Stoffwechsel und Herz, 2007, 16:
91-97 have shown that sulfonylurea, metformin, thiazolidinedione, metformin +
sulfonylurea, metformin + thiazolidinedione, sulfonylurea + thiazolidinedione, and
metformin + sulfonylurea + thiazolidinedione may have an effect on adiponectin
concentrations. Thus, in one embodiment, any of these compounds or combinations

may be administered to a subject to affect.

[0083] In various embodiments, adiponectin is derived from a peptide sequence
according to RefSeq Accession Record NP_004788 or is derived from a nucleic acid
sequence according to RefSeq Accession Record NM_004797.

[0084] In exemplary embodiments, a protein form of adiponectin is measured.
Accordingly, suitable capture binding ligands, as further discussed herein, for the
detection or quantification of adiponectin include, but are not limited to, antibodies
that are selective for adiponectin.

[0085] In various embodiments, a nucleic acid (e.g. mRNA) form of adiponectin is
measured. A wide variety of methods for detecting mRNA are known in the art,
particularly on arrays. This includes the direct measurement of mRNA as well as
treating the same with reverse transcriptase and measuring cDNA levels.
Accordingly, suitable capture probes, as further discussed below, for the detection
and/or quantification of adiponectin mRNA include, but are not limited to, fragments
of the complements of the mRNA sequences of adiponectin. That is, if the mRNA is
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to be directly detected, a complementary sequence will be used to bind the single
stranded mRNA. In general, as for all the capture probes outlined herein, the probes
generally are between about 5 and about 100 nucleotides in length, with from about 6
to about 30, about § to about 28, and about 16 to about 26 being of particular use in

some embodiments.

[0086] In response to a therapy, such as administration of a discase-modulating
drug, as described below, the levels of adiponectin will increase if the patient is
responding to the therapy. In general, this increase is normally on the level of about
20 % (e.g. with metformin) to about 100 % or more (e.g. with pioglitazone) from a
reference value. In some embodiments, this increase is about 10% to about 80%,
about 20% to about 70%, about 30% to about 60% or about 40% to about 50% from a
reference value. In some embodiments, this increase is about 10% to about 20%,
about 10% to about 30%, about 10% to about 40%, about 10% to about 50%, about
10% to about 60%, about 10% to about 70%, about 10% to about 80%, about 10% to
about 90% from a reference value. In some embodiments, this increase is about 50%
to about 100%, about 50% to about 110%, about 50% to about 120%, about 50% to
about 130%, about 50% to about 140% or about 50% to about 150% from a reference
value. In some embodiments, an increase of at least about a percentage selected from
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 110%, 120%, 130%,
140%, 150%, 160%, 170%, 180%, 190% and 200% from a reference value occurs. In
exemplary embodiments, an increase of about 10% to about 40% from a reference
value occurs. In exemplary embodiments, an increase of at least about 10% from a
reference value occurs. Generally, a sample (such as blood) concentration of > 10
mg/L indicates a low risk for arteriosclerosis, insulin resistance and other
complications; 7-10 mg/L a medium risk and <7 mg/L a high risk. Thus, in one
embodiment, a change before and after therapy to a value above 10 mg/L for total
adiponectin is considered to be indicative of therapy response. In exemplary
embodiments, a subject is responding to a therapy if the subject’s level of adiponectin
in a second sample compared to a first sample increases such that the risk level
associated with adiponectin moves from one risk level to a lower risk level, e.g., from

high risk to medium risk, high risk to low risk, or medium risk to low risk.

[0087] Itis also possible that the patient is responding to a therapy as shown by
changes in other biomarkers, but the levels of adiponectin are not changing in a
significant way, since adiponectin suppression reflects the activity of the visceral
adipose tissue, which may not be affected by the selected intervention.
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resistin

[0088] In various embodiments, resistin is used as a biomarker. Resistin is a
serine/cysteine-rich adipocyte-specific secretory factor (ADSF) that is sometimes
referred to as FIZZ3. Resistin has been shown to increase transcriptional events
leading to an increased expression of several pro-inflammatory cytokines including
(but not limited to) interleukin-1, interleukin-6, interleukin-12, and tumor necrosis
factor-o in an NF-xB-mediated fashion. Silswal et al., Biochem. Biophys. Res.
Commun., 2005, 334(4): 1092-1101.

[0089] In various embodiments, resistin is derived from a peptide sequence
according to RefSeq Accession Record NP_065148 or is derived from a nucleic acid
sequence according to RefSeq Accession Record NM_020415.

[0090] In various exemplary embodiments, a protein form of resistin is measured.
Accordingly, suitable capture binding ligands, as further discussed below, for
detection and/or quantification of resistin include, but are not limited to, antibodies

that are selective for resistin.

[0091] In various embodiments, a nucleic acid (e.g. mRNA) form of resistin is
measured. A wide variety of methods for detecting mRNA are known in the art,
particularly on arrays. This includes the direct measurement of mRNA as well as
treating the same with reverse transcriptase and measuring cDNA levels.
Accordingly, suitable capture probes, as further discussed below, for the detection
and/or quantification of resistin mRNA include, but are not limited to, fragments of
the complements of the mRNA sequences of resistin. That is, if the mRNA is to be
directly detected, a complementary sequence will be used to bind the single stranded
mRNA. In general, as for all the capture probes outlined herein, the probes generally
are between about 5 and about 100 nucleotides in length, with from about 6 to about
30, about 8 to about 28, and about 16 to about 26 being of particular use in some

embodiments.

[0092] Blood levels of resistin (e.g. in protein form) of about 7, about 8, about 9,
about 10 or about 11 ng/mL or higher indicate an elevated risk for disease, such as
cardiovascular disease. In response to a therapy, such as administration of a disease-
modulating drug, as described below, the levels of resistin will decrease if the patient
is responding to the therapy. In some embodiments, this decrease is about 10% to
about 80%, about 20% to about 70%, about 30% to about 60% or about 40% to about
50% from a reference value. In some embodiments, this decrease is about 10% to
about 20%, about 10% to about 30%, about 10% to about 40%, about 10% to about

14



WO 2010/076655 PCT/IB2009/007982

50%, about 10% to about 60%, about 10% to about 70%, about 10% to about 80%, or
about 10% to about 90% from a reference value. In some embodiments, a decrease of
at least about a percentage selected from 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%
and 99% from a reference value will occur. In exemplary embodiments, a decrease of
about 30% to about 60% from a reference value occurs. In exemplary embodiments, a
decrease of at least about 15% from a reference value occurs. In exemplary
embodiments, blood levels of resistin decrease to a level below a level selected from
about 7, about 8, about 9, about 10 or about 11 ng/mL.

[0093] Tt is also possible that the patient is responding to a therapy, but the levels of

resistin are not changing in a significant way.

plasminogen activator inhibitor-1 (PAI-1)

[0094] In various embodiments, plasminogen activator inhibitor-1 (PAI-1) is used
as a biomarker. PAI-1 is the principal inhibitor of tissue plasminogen activator (tPA)
and urokinase (uPA), the activators of plasminogen and hence fibrinolysis (the
physiological breakdown of blood clots). It is a serine protease inhibitor (serpin)
protein (SERPINE1). PAI-1 is mainly produced by the endothelium, but is also

secreted by other tissue types, such as adipose tissue.

[0095] In various embodiments, PAI-1 is derived from a peptide sequence
according to RefSeq Accession Record NP_000593 or is derived from a nucleic acid
sequence according to RefSeq Accession Record NM_000602.

[0096] In various embodiments, a protein form of PAI-1 is measured. Accordingly,
suitable capture binding ligands, as further discussed below, for detection and/or
quantification of resistin include, but are not limited to, antibodies that are selective
for PAI-1.

[0097] In various exemplary embodiments, a nucleic acid (e.g. mRNA) form of
PAI-1 is measured. A wide variety of methods for detecting mRNA are known in the
art, particularly on arrays. This includes the direct measurement of mRNA as well as
treating the same with reverse transcriptase and measuring cDNA levels.
Accordingly, suitable capture probes, as further discussed below, for the detection
and/or quantification of PAI-1 mRNA include, but are not limited to, fragments of the
complements of the mRNA sequences of PAI-1. That is, if the mRNA is to be directly
detected, a complementary sequence will be used to bind the single stranded mRNA.
In general, as for all the capture probes outlined herein, the probes generally are
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between about 5 and about 100 nucleotides in length, with from about 6 to about 30,
about 8 to about 28, and about 16 to about 26 being of particular use in some

embodiments.

[0098] In response to a therapy, such as administration of a disease modulating
drug, as described below, the levels of PAI-1 will decrease if the patient is responding
to the therapy. In some embodiments, this decrease is about 10% to about 80%, about
20% to about 70%, about 30% to about 60% or about 40% to about 50% from a
reference value. In some embodiments, this decrease is about 10% to about 20%,
about 10% to about 30%, about 10% to about 40%, about 10% to about 50%, about
10% to about 60%, about 10% to about 70%, about 10% to about 80% or about 10%
to about 90% from a reference value. In some embodiments, a decrease of at least
about a percentage selected from 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%,
19%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% and 99%
from a reference value occurs. In exemplary embodiments, a decrease of about 10%
to about 40% from a reference value occurs. In exemplary embodiments, a decrease

of at least about 15% from a reference value occurs.

[0099] It is also possible that the patient is responding to a therapy, but the levels of
PAI-1 are not changing in a significant way.

leptin

[00100] In various embodiments, leptin is used as a biomarker. Leptin is a 16 kDa
adipose-derived protein hormone that plays a role in regulating energy intake and
energy expenditure, including appetite and metabolism. Leptin, acting through the
leptin receptor, is part of a signaling pathway that can inhibit food intake or regulate
energy expenditure to maintain constancy of the adipose mass. Leptin also has several
endocrine functions and is involved in the regulation of immune and inflammatory
responses, hematopoiesis, angiogenesis and wound healing. Mutations in the leptin
gene and/or its regulatory regions cause severe obesity, and morbid obesity with
hypogonadism. The leptin gene has also been linked to type 2 diabetes mellitus
development. Tables 1A and 1B show various discase risk levels associated with

various concentrations of leptin in a sample taken from a human subject.
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Table 1A

Leptin Concentration (adult male) Disease Risk Level

(ng/mL)
>30 high
20 - 30 medium
<20 low

Table 1B

Leptin Concentration (adult female) Disease Risk Level

(ng/mL)
> 60 high
40 - 60 medium
<40 low

[00101] In various embodiments, leptin is derived from a peptide having a sequence
according to RefSeq Accession Record NP_000221 or is derived from a nucleic acid
having a sequence according to RefSeq Accession Record NM_000230.

[00102] In various exemplary embodiments, a protein form of leptin is measured.
Accordingly, suitable capture binding ligands, as further discussed herein, for
detection and/or quantification of leptin include, but are not limited to, antibodies that

are selective for leptin.

[00103] In various embodiments, a nucleic acid (e.g. mRNA) form of leptin is
measured. As is known in the art, a wide variety of methods for detecting mRNA are
known, particularly on arrays. This includes the direct measurement of mRNA as well
as treating the same with reverse transcriptase and measuring the cDNA levels.
Accordingly, suitable capture probes for the detection and/or quantification of leptin
mRNA include, but are not limited to, fragments of the complements of leptin mRNA.
That is, if the mRNA is to be directly detected, a complementary sequence will be
used to bind the single stranded mRNA. In general, as for all the capture probes
outlined herein, the probes generally are between about 5 and about 100 nucleotides
in length, with about 6 to about 30, about 8 to about 28, and about 16 to about 26

being of particular use in some embodiments.

[00104] In response to a therapy, such as administration of a disease-modulating
drug, as described below, the levels of leptin will decrease if the patient is responding
to the therapy. In some embodiments, this decrease is about 10% to about 80%, about
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20% to about 70%, about 30% to about 60% or about 40% to about 50% from a
reference value. In some embodiments, this decrease is about 10% to about 20%,
about 10% to about 30%, about 10% to about 40%, about 10% to about 50%, about
10% to about 60%, about 10% to about 70%, about 10% to about 80% or about 10%
to about 90% from a reference value. In some embodiments, a decrease of at least
about a percentage selected from 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%,
19%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% and 99%
from a reference value occurs. In exemplary embodiments, a subject is responding to
a therapy if the subject’s level of leptin in a second sample compared to a first sample
decreases such that the risk level associated with leptin moves from one risk level to a
lower risk level, e.g., from high risk to medium risk, high risk to low risk, or medium
risk to low risk. In exemplary embodiments, a decrease of about 10% to about 40%
from a reference value occurs. In exemplary embodiments, a decrease of at least about

15% from a reference value occurs.

[00105] It is also possible that the patient is responding to a therapy, but the levels of

leptin are not changing in a significant way.

visceral adipose tissue-derived serine protease inhibitor (vaspin)

[00106] In various embodiments, visceral adipose tissue-derived serine protease
inhibitor (vaspin) is used as a biomarker. Visceral adipose tissue-derived serine
protease inhibitor (vaspin) was identified in visceral adipose tissue of Otsuka Long-
Evans Tokushima fatty rats at an age when body weight and hyperinsulinemia
peaked. Hida et al. Proc. Natl. Acad. Sci. U. S. A., 2005, 102: 10610-5. Vaspin
expression has been shown to decrease with worsening of diabetes and body weight
loss. Rabe et al., Mol Med, 2008, 14(11-12): 741-751.

[00107] In various embodiments, vaspin is derived from a peptide sequence
according to RefSeq Accession Record NP_776249 or is derived from a nucleic acid
sequence according to RefSeq Accession Record NM_173850.

[00108] In various exemplary embodiments, a protein form of vaspin is measured.
Accordingly, suitable capture binding ligands, as further discussed below, for
detection and/or quantification of vaspin include, but are not limited to, antibodies

that are selective for vaspin.

[00109] In various embodiments, a nucleic acid (e.g. mRNA) form of vaspin is
measured. A wide variety of methods for detecting mRNA are known in the art,
particularly on arrays. This includes the direct measurement of mRNA as well as
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treating the same with reverse transcriptase and measuring cDNA levels.

Accordingly, suitable capture probes, as further discussed below, for the detection
and/or quantification of vaspin mRNA include, but are not limited to, fragments of the
complements of the mRNA sequences of vaspin. That is, if the mRNA is to be
directly detected, a complementary sequence will be used to bind the single stranded
mRNA. In general, as for all the capture probes outlined herein, the probes generally
are between about 5 and about 100 nucleotides in length, with from about 6 to about
30, about 8 to about 28, and about 16 to about 26 being of particular use in some

embodiments.

[00110] In response to a therapy, such as administration of a disease-modulating
drug, as described below, the levels of vaspin will increase if the patient is responding
to the therapy. In some embodiments, this increase is about 10% to about 80%, about
20% to about 70%, about 30% to about 60% or about 40% to about 50% from a
reference value. In some embodiments, this increase is about 10% to about 20%,
about 10% to about 30%, about 10% to about 40%, about 10% to about 50%, about
10% to about 60%, about 10% to about 70%, about 10% to about 80% or about 10%
to about 90% from a reference value. In some embodiments, this increase is about
50% to about 100%, about 50% to about 110%, about 50% to about 120%, about 50%
to about 130%, about 50% to about 140% or about 50% to about 150% from a
reference value. In some embodiments, an increase of at least about a percentage
selected from 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 110%,
120%, 130%, 140%, 150%, 160%, 170%, 180%, 190% and 200% from a reference
value occurs. In exemplary embodiments, an increase of about 100% to 200% from a
reference value occurs. In exemplary embodiments, an increase of at least about 100%

from a reference value occurs.

[00111] It is also possible that the patient is responding to a therapy, but the levels of

vaspin are not changing in a significant way.

angiotensin

[00112] In various embodiments, angiotensin is used as a biomarker. Angiotensin
causes blood vessels to constrict, driving blood pressure up. Angiotensin also induces
the release of aldosterone from the adrenal cortex.

[00113] As used herein, “angiotensin” refers to any fragment of the preproprotein
angiotensinogen. An exemplary sequence of angiotensinogen may be found in RefSeq
Accession Record NP_000020. The angiotensins include angiotensin I (Asp-Arg-Val-
Tyr-Ile-His-Pro-Phe-His-Leu), angiotensin II (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe),
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angiotensin III (Arg-Val-Tyr-Ile-His-Pro-Phe) and angiotensin IV (Val-Tyr-Ile-His-
Pro-Phe).

[00114] In exemplary embodiments, a protein form of angiotensin is measured.
Accordingly, suitable capture binding ligands, as further discussed below, for
detection and/or quantification of angiotensin include, but are not limited to,

antibodies that are selective for angiotensin.

[00115] In various embodiments, a nucleic acid (e.g. mRNA, such as derived from a
sequence according to RefSeq Accession Record NM_000029) form of angiotensin is
measured. A wide variety of methods for detecting mRNA are known in the art,
particularly on arrays. This includes the direct measurement of mRNA as well as
treating the same with reverse transcriptase and measuring cDNA levels.
Accordingly, suitable capture probes, as further discussed below, for the detection
and/or quantification of angiotensin mRNA include, but are not limited to, fragments
of the complements of the mRNA sequences of angiotensin. That is, if the mRNA is
to be directly detected, a complementary sequence will be used to bind the single
stranded mRNA. In general, as for all the capture probes outlined herein, the probes
generally are between about 5 and about 100 nucleotides in length, with from about 6
to about 30, about § to about 28, and about 16 to about 26 being of particular use in

some embodiments.

[00116] In response to a therapy, such as administration of a disease-modulating
drug, as described below, the levels of angiotensin will decrease if the patient is
responding to the therapy. In some embodiments, this decrease is about 10% to about
80%, about 20% to about 70%, about 30% to about 60% or about 40% to about 50%
from a reference value. In some embodiments, this decrease is about 10% to about
20%, about 10% to about 30%, about 10% to about 40%, about 10% to about 50%,
about 10% to about 60%, about 10% to about 70%, about 10% to about 80% or about
10% to about 90% from a reference value. In some embodiments, a decrease of at
least about a percentage selected from 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%,
18%, 19%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%., 96%, 97%, 98% and
99% from a reference value occurs. In exemplary embodiments, a decrease of about
10% to about 40% from a reference value occurs. In exemplary embodiments, a

decrease of at least about 15% from a reference value occurs.

[00117] It is also possible that the patient is responding to a therapy, but the levels of

angiotensin are not changing in a significant way.
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interleukin 6 (IL6)

[00118] In various embodiments, interleukin-6 (interferon, beta 2) (IL6) is used as a
biomarker. IL6 is an immunoregulatory cytokine that activates a cell surface signaling
assembly composed of IL6, IL6RA (IL6R; MIM 147880), and the shared signaling
receptor gp130 (IL6ST; MIM 600694) (Boulanger et al., 2003 [PubMed 12829785]).

[00119] In various embodiments, IL6 is derived from a peptide sequence according
to RefSeq Accession Record NP_000591 or is derived from a nucleic acid sequence
according to RefSeq Accession Record NM_000600.

[00120] In various embodiments, a protein form of IL6 is measured. Accordingly,
suitable capture binding ligands, as further discussed below, for detection and/or
quantification of IL6 include, but are not limited to, antibodies that are selective for
IL6.

[00121] In exemplary embodiments, a nucleic acid (e.g. mRNA) form of IL6 is
measured. As is known in the art, a wide variety of methods for detecting mRNA are
known, particularly on arrays. This includes the direct measurement of mRNA as well
as treating the same with reverse transcriptase and measuring the cDNA levels.
Accordingly, suitable capture probes for the detection and/or quantification of 1L6
mRNA include, but are not limited to, fragments of the complements of [L6 mRNA.
That is, if the mRNA is to be directly detected, a complementary sequence will be
used to bind the single stranded mRNA. In general, as for all the capture probes
outlined herein, the probes generally are between about 5 and about 100 nucleotides
in length, with about 6 to about 30, about 8 to about 28, and about 16 to about 26

being of particular use in some embodiments.

[00122] In response to a therapy, such as administration of a disease-modulating
drug, as described below, the levels of IL6 will decrease if the patient is responding to
the therapy. In some embodiments, this decrease is about 10% to about 80%, about
20% to about 70%, about 30% to about 60% or about 40% to about 50% from a
reference value. In some embodiments, this decrease is about 10% to about 20%,
about 10% to about 30%, about 10% to about 40%, about 10% to about 50%, about
10% to about 60%, about 10% to about 70%, about 10% to about 80% or about 10%
to about 90% from a reference value. In some embodiments, a decrease of at least
about a percentage selected from 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%,
19%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% and 99%

from a reference value occurs. In exemplary embodiments, a decrease of about 10%
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to about 40% from a reference value occurs. In exemplary embodiments, the

concentration of IL6 decreases at least about 15% from a reference value.

[00123] As is more fully described below, it is also possible that the patient is
responding to a therapy, such as an insulin sensitizer drug, as shown by changes in
other biomarkers, but the levels of IL6 are not changing in a significant way.

visfatin

[00124] In various embodiments, visfatin is used as a biomarker. Visfatin is also
known as nicotinamide phosphoribosyltransferase or NAMPT. Visfatin catalyzes the
condensation of nicotinamide with 5-phosphoribosyl-1-pyrophosphate to yield
nicotinamide mononucleotide. Visfatin is an adipokine that is localized to the
bloodstream and has various functions including the promotion of vascular smooth
muscle cell maturation and inhibition of neutrophil apoptosis. It also activates insulin
receptor and has insulin-mimetic effects, lowering blood glucose and improving
insulin sensitivity. Visfatin is highly expressed in visceral fat, and serum levels of the
protein correlate with obesity.

[00125] In various embodiments, visfatin is derived from a peptide sequence
according to RefSeq Accession Record NP_005737 or is derived from a nucleic acid
sequence according to RefSeq Accession Record NM_005746.

[00126] In various exemplary embodiments, a protein form of visfatin is measured.
Accordingly, suitable capture binding ligands, as further discussed below, for
detection and/or quantification of visfatin include, but are not limited to, antibodies

that are selective for visfatin.

[00127] In some embodiments, a nucleic acid (e.g. mRNA) form of visfatin is
measured. As is known in the art, a wide variety of methods for detecting mRNA are
known, particularly on arrays. This includes the direct measurement of mRNA as well
as treating the same with reverse transcriptase and measuring the cDNA levels.
Accordingly, suitable capture probes for the detection and/or quantification of visfatin
mRNA include, but are not limited to, fragments of the complements of visfatin
mRNA. That is, if the mRNA is to be directly detected, a complementary sequence
will be used to bind the single stranded mRNA. In general, as for all the capture
probes outlined herein, the probes generally are between about 5 and about 100
nucleotides in length, with about 6 to about 30, about 8 to about 28, and about 16 to
about 26 being of particular use in some embodiments.
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[00128] In response to a therapy, such as the administration of a disease-modulating
drug, the levels of visfatin will decrease if the patient is responding to the therapy. In
some embodiments, this decrease is about 10% to about 80%, about 20% to about
70%, about 30% to about 60% or about 40% to about 50% from a reference value. In
some embodiments, this decrease is about 10% to about 20%, about 10% to about
30%, about 10% to about 40%, about 10% to about 50%, about 10% to about 60%,
about 10% to about 70%, about 10% to about 80% or about 10% to about 90% from a
reference value. In some embodiments, a decrease of at least about a percentage
selected from 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% and 99% from a reference
value occurs. In exemplary embodiments, a decrease of about 10% to about 40% from
a reference value occurs. In exemplary embodiments, a decrease of at least about 15%

from a reference value occurs.

[00129] It is also possible that the patient is responding to a therapy, but the levels of

visfatin are not changing in a significant way.

biomarker panels

[00130] Any combination of the biomarkers described herein can be used to
assemble a biomarker panel, which is detected or measured as described herein. As is
generally understood in the art, a combination may refer to an entire set or any subset
or subcombination thereof. The term “biomarker panel,” “biomarker profile,” or
“biomarker fingerprint” refers to a set of biomarkers. As used herein, these terms can
also refer to any form of the biomarker that is measured. Thus, if PAI-1 is part of a
biomarker panel, then either PAI-1 protein or PAI-1 mRNA, for example, could be
considered to be part of the panel. While individual biomarkers are useful as
diagnostics, it has been found that a combination of biomarkers can sometimes
provide greater value in determining a particular status than single biomarkers alone.
Specifically, the detection of a plurality of biomarkers in a sample can increase the
sensitivity and/or specificity of the test. Thus, in various embodiments, a biomarker
panel may include 2, 3, 4, 5, 6, 7, 8, 9, 10 or more types of biomarkers. In various
exemplary embodiments, the biomarker panel consists of a minimum number of
biomarkers to generate a maximum amount of information. Thus, in various
embodiments, the biomarker panel consists of 2, 3,4, 5,6, 7, 8, 9 or 10 types of
biomarkers. Where a biomarker panel “consists of” a set of biomarkers, no
biomarkers other than those of the set are present.
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[00131] The present invention provides a biomarker panel comprising or consisting

of any combination of the biomarkers outlined herein.

[00132] In various exemplary embodiments, the biomarker panel comprises
additional biomarkers. Such additional biomarkers may, for example, increase the
specificity and/or sensitivity the test. For example, additional biomarkers may be
those that are currently evaluated in the clinical laboratory and used in traditional
global risk assessment algorithms, such as those from the San Antonio Heart Study,
the Framingham Heart Study, and the National Cholesterol Education Program Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel I1I), also known as NCEP/ATP III. Additional biomarkers
suitable for biomarker panels include, without limitation and if not already selected,
any combination of biomarkers selected from adiponectin, angiotensin 11, complement
factor 3, leptin, mRNAx, NFkB, IL-6, MMP-9, TNFa, NF«kB, eNOS, PPARy, MCP-
1, PAI-1, ICAM/VCAM, E-selectin, P-selectin, von Willebrand factor, sCD40L,
insulin, proinsulin, glucose, HbA ¢, lipids such as free fatty acids, total cholesterol,
triglycerides, VLDL, LDL, small dense LDL, oxidized LDL, resistin, HDL, NO, IxB-
a, IkB-B, p105, RelA, MIF, inflammatory cytokines, molecules involved in signaling
pathways, traditional laboratory risk factors and any biomarkers disclosed in
US/2008/0057590. Glucose as used herein includes, without limitation, fasting
glucose as well as glucose concentrations taken during and after the oral glucose
tolerance test, such as 120 minute Glucose. Insulin as used herein includes, without
limitation, fasting insulin and insulin concentrations taken during and after the oral
glucose tolerance test, such as 120 minute Insulin. Traditional laboratory risk factors
are also understood to encompass without limitation, fibrinogen, lipoprotein (a), c-
reactive protein (including hsCRP), D-dimer, and homocysteine. It should be
understood that in these embodiments, the biomarker panel can include any
combination of biomarkers selected from adiponectin, resistin, PAI-1, optionally
leptin and optionally visfatin and the remainder of these markers.

[00133] In various embodiments, a biomarker panel comprises a fatty acid as an
additional biomarker. A “fatty acid” or “lipid” as used herein refers to a carboxylic
acid (or carboxylate) having an alkyl or aliphatic tail that is saturated or unsaturated.
The term “alkyl” or “aliphatic” by itself or as part of another substituent, refers to a
straight or branched carbon chain, or cyclic hydrocarbon radical, or combination
thereof, which may be fully saturated, mono- or polyunsaturated (including cis and
trans isomers) and can include mono-, di- and multivalent radicals. An alkyl or
aliphatic group may be substituted or unsubstituted. An alkyl or aliphatic group thus

also refers to alkyl or aliphatic derivatives as understood in the art. In various
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embodiments, the fatty acid has an alkyl chain of 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 carbons. In various
embodiments, a fatty acid refers to a glyceride (i.e., glycerol esterified with one or
more fatty acids, hence for example, a mono-, di- or triglyceride), an apolipoprotein
or a lipoprotein (e.g., chylomicrons, very low-density lipoprotein (VLDL),
intermediate-density lipoprotein (IDL), low-density lipoprotein (LDL), and high-
density lipoprotein (HDL)). Numerous fatty acids and methods of their measurement
are known in the art and can be used in the compositions and methods of the present
invention. See, for example, in Arab & Akbar, Public Health Nutrition, 2002, 5(6A):
865-871; Klotzsch & McNamara, Clinical Chemistry, 1990, 36(9): 1605-1613; and
Patterson, Current Opinion in Clinical Nutrition and Metabolic Care, 2002, 5(5):
475-479. In some embodiments, a biomarker panel comprises cholesterol in addition
to any of the biomarkers and their combinations disclosed herein.

[00134] A biomarker can also be a clinical parameter, although in some
embodiments, the biomarker is not included in the definition of “biomarker”. The
term “clinical parameter” refers to all non-sample or non-analyte biomarkers of
subject health status or other characteristics, such as, without limitation, age,
ethnicity, gender, diastolic blood pressure and systolic blood pressure, family history,
height, weight, waist and hip circumference, body-mass index, as well as others such
as Type I or Type II Diabetes Mellitus or Gestational Diabetes Mellitus (collectively
referred to here as Diabetes), resting heart rate, homeostatic model assessment
(HOMA), HOMA insulin resistance (HOMA-IR), intravenous glucose tolerance
(SI(IVGT)), B-cell function, macrovascular function, microvascular function,
atherogenic index, blood pressure, low-density lipoprotein/high-density lipoprotein
ratio, intima-media thickness, and UKPDS risk score. Other clinical parameters are
disclosed in US/2008/0057590.

[00135] In various exemplary embodiments, the biomarker panel comprises
adiponectin, resistin and PAI-1. In additional exemplary embodiments, the biomarker
panel comprises any combination of adiponectin, resistin and PAI-1. In various
exemplary embodiments, the biomarker panel consists of adiponectin, resistin and
PAI-1. In various exemplary embodiments, the biomarker panel consists of any
combination of adiponectin, resistin and PAI-1.

[00136] In various exemplary embodiments, the biomarker panel comprises or
consists of adiponectin, resistin, PAI-1 and 1, 2, 3, 4 or more additional biomarkers.

In various exemplary embodiments, the biomarker panel comprises or consists of any
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combination of adiponectin, resistin, PAI-1 and 1, 2, 3, 4 or more additional

biomarkers.

[00137] In various exemplary embodiments, the biomarker panel comprises
adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin. In additional
exemplary embodiments, the biomarker panel comprises any combination of
adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin. In various
exemplary embodiments, the biomarker panel consists of adiponectin, resistin, PAI-1,
optionally leptin and optionally visfatin. In various exemplary embodiments, the
biomarker panel consists of any combination of adiponectin, resistin, PAI-1,

optionally leptin and optionally visfatin.

[00138] In various exemplary embodiments, the biomarker panel comprises or
consists of adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin and 1,
2, 3, 4 or more additional biomarkers. In various exemplary embodiments, the
biomarker panel comprises or consists of any combination of adiponectin, resistin,
PAI-1, optionally leptin and optionally visfatin and 1, 2, 3, 4 or more additional

biomarkers.

[00139] In various exemplary embodiments, the biomarker panel comprises
adiponectin, vaspin, PAI-1, angiotensin, IL-6, resistin and visfatin. In additional
exemplary embodiments, the biomarker panel comprises any combination of
adiponectin, vaspin, PAI-1, angiotensin, IL-6, resistin and visfatin. In various
exemplary embodiments, the biomarker panel consists of adiponectin, vaspin, PAI-1,
angiotensin, IL-6, resistin and visfatin. In various exemplary embodiments, the
biomarker panel consists of any combination of adiponectin, vaspin, PAI-1,

angiotensin, IL-6, resistin and visfatin.

[00140] In various exemplary embodiments, the biomarker panel comprises or
consists of adiponectin, vaspin, PAI-1, angiotensin, [L-6, resistin, visfatin and 1, 2, 3,
4 or more additional biomarkers. In various exemplary embodiments, the biomarker
panel comprises or consists of any combination of adiponectin, vaspin, PAI-1,

angiotensin, L-6, resistin, visfatin and 1, 2, 3, 4 or more additional biomarkers.

Measurement and detection of biomarkers

[00141] Biomarkers generally can be measured and detected through a variety of
assays, methods and detection systems known to one of skill in the art. The term
“measuring,” “detecting,” or “taking a measurement” refers to a quantitative or

qualitative determination of a property or characteristic of an entity, e.g., quantifying
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the amount or the activity level of a molecule. The term “concentration” or “level”
can refer to an absolute or relative quantity. Measuring a molecule may also include
determining the absence or presence of the molecule. A measurement may refer to
one observation under a set of conditions or an equally- or differently-weighted
average of a plurality of observations under the same set of conditions. Thus, in
various embodiments, a measurement of the concentration of a biomarker is derived
from one observation of the concentration, and in various embodiments, a
measurement of a biomarker is derived from an equally- or differently-weighted
average of a plurality of observations of the concentration. In various embodiments,
measuring a biomarker panel comprises measuring the concentrations of each member

of the biomarker panel in a sample.

[00142] Various methods include but are not limited to refractive index spectroscopy
(RD), ultra-violet spectroscopy (UV), fluorescence analysis, radiochemical analysis,
near-infrared spectroscopy (near-IR), infrared (IR) spectroscopy, nuclear magnetic
resonance spectroscopy (NMR), light scattering analysis (LS), mass spectrometry,
pyrolysis mass spectrometry, nephelometry, dispersive Raman spectroscopy, gas
chromatography, liquid chromatography, gas chromatography combined with mass
spectrometry, liquid chromatography combined with mass spectrometry, matrix-
assisted laser desorption ionization-time of flight (MALDI-TOF) combined with mass
spectrometry, ion spray spectroscopy combined with mass spectrometry, capillary
electrophoresis, colorimetry and surface plasmon resonance (such as according to
systems provided by Biacore Life Sciences). See also W0O/2004/056456 and
WO/2004/088309. In this regard, biomarkers can be measured using the above-
mentioned detection methods, or other methods known to the skilled artisan. Other
biomarkers can be similarly detected using reagents that are specifically designed or
tailored to detect them.

[00143] Different types of biomarkers and their measurements can be combined in
the compositions and methods of the present invention. In various embodiments, the
protein form of the biomarkers is measured. In various embodiments, the nucleic acid
form of the biomarkers is measured. In exemplary embodiments, the nucleic acid
form is mRNA. In various embodiments, measurements of protein biomarkers are

used in conjunction with measurements of nucleic acid biomarkers.

[00144] Using sequence information provided by the database entries for the
biomarker sequences, expression of the biomarker sequences can be detected (if
present) and measured using known techniques. For example, sequences in sequence

database entries or sequences disclosed herein can be used to construct probes for
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detecting biomarker RNA sequences in, e.g., Northern blot hybridization analyses or
methods which specifically, and, preferably, quantitatively amplify specific nucleic
acid sequences. As another example, the sequences can be used to construct primers
for specifically amplifying the biomarker sequences in, e.g., amplification-based
detection methods such as reverse-transcription based polymerase chain reaction (RT-
PCR). When alterations in gene expression are associated with gene amplification,
deletion, polymorphisms and mutations, sequence comparisons in test and reference
populations can be made by comparing relative amounts of the examined DNA
sequences in the test and reference cell populations. In addition to Northern blot and
RT-PCR, RNA can also be measured using, for example, other target amplification
methods (e.g., transcription-mediated amplification (TMA), strand displacement
amplification (SDA), nucleic acid sequence based amplification (NASBA) and real
time PCR), signal amplification methods (e.g., bDNA), nuclease protection assays, in
situ hybridization and the like.

[00145] Thus, in one aspect, the invention provides a probe set comprising or
consisting of a plurality of probes for detecting a biomarker panel. In one
embodiment, a probe set comprises or consists of a plurality of probes for detecting
adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin. In one
embodiment, the probe set comprises or consists of a capture binding ligand selective
for adiponectin, a capture binding ligand selective for resistin, a capture probe
selective for PAI-1 nucleic acid, optionally a capture binding ligand for leptin and
optionally a capture binding ligand for visfatin.

[00146] In one embodiment, a probe set comprises or consists of a plurality of probes
for detecting adiponectin, vaspin, PAI-1, angiotensin, IL-6, resistin and visfatin. In
one embodiment, a probe set comprises or consists of a capture binding ligand
selective for adiponectin, a capture binding ligand selective for vaspin, a capture
binding ligand selective for PAI-1, a capture binding ligand selective for angiotensin,
a capture binding ligand selective for IL-6, a capture binding ligand selective for

resistin and a capture binding ligand selective for visfatin.

[00147] Other probe sets provided by the invention include combinations of capture
binding ligands and capture probes for detecting other biomarker panels disclosed

herein.

[00148] In one aspect, the invention provides a primer set comprising or consisting
of one or more primers (e.g., one or more primer pairs) for amplifying the nucleic acid
form of a biomarker for detection. In one embodiment, a primer set comprises or

consists of a primer selective for PAI-1 nucleic acid.
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[00149] Other primer sets provided by the invention include primers useful for
detecting other biomarker panels disclosed herein, particularly those where detection

of a nucleic acid is desirable.

[00150] As further defined below, a ligand that “specifically binds” or “selectively
binds” or is “selective for” a biomarker means that the ligand binds the biomarker
with specificity sufficient to differentiate between the biomarker and other

components or contaminants of the sample.

[00151] Of particular interest for the measurement of biomarkers in the present
invention are biochip assays. By “biochip” or “chip” herein is meant a composition
generally comprising a solid support or substrate to which a capture ligand (also
called an adsorbent, affinity reagent or binding ligand, or when nucleic acid is
measured, a capture probe) is attached and can bind either proteins, nucleic acids or
both. Generally, where a biochip is used for measurements of protein and nucleic acid
biomarkers, the protein biomarkers are measured on a chip separate from that used to
measure the nucleic acid biomarkers. For nonlimiting examples of additional
platforms and methods useful for measuring nucleic acids, see US/2006/0275782,
US/2005/0064469 and DE10201463. In various embodiments, biomarkers are
measured on the same platform, such as on one chip. In various embodiments,

biomarkers are measured using different platforms and/or different experimental runs.

[00152] In one aspect, the invention provides a composition comprising a solid
support comprising one or more capture ligands, each selective for a different
biomarker of a biomarker panel. In various embodiments, a capture ligand is referred
to as a capture binding ligand, which can be, for example, an antibody. In various
embodiments, a capture ligand is referred to as a capture probe, which can be, for
example, a nucleic acid. In various embodiments, the composition further comprises a
soluble binding ligand for one or more biomarkers of a biomarker panel. In one
aspect, the invention provides methods of assaying a sample comprising contacting
the sample with a solid support comprising one or more capture ligands, each
selective for a different biomarker of a biomarker panel, and measuring each of the
biomarkers of the biomarker panel.

[00153] By “binding ligand,” “capture binding ligand,” “capture binding species,”
“capture probe” or “capture ligand” herein is meant a compound that is used to detect
the presence of or to quantify, relatively or absolutely, a target analyte, target species
or target sequence (all used interchangeably) and that will bind to the target analyte,
target species or target sequence. Generally, the capture binding ligand or capture
probe allows the attachment of a target species or target sequence to a solid support
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for the purposes of detection as further described herein. Attachment of the target
species to the capture binding ligand may be direct or indirect. In exemplary
embodiments, the target species is a biomarker. As will be appreciated by those in the
art, the composition of the binding ligand will depend on the composition of the
biomarker. Binding ligands for a wide variety of biomarkers are known or can be
readily found using known techniques. For example, when the biomarker is a protein,
the binding ligands include proteins (particularly including antibodies or fragments
thereof (FAbs, etc.) as discussed further below) or small molecules. The binding
ligand may also have cross-reactivity with proteins of other species. Antigen-antibody
pairs, receptor-ligands, and carbohydrates and their binding partners are also suitable
analyte-binding ligand pairs. In various embodiments, the binding ligand may be
nucleic acid. Nucleic acid binding ligands find particular use when proteins are the
targets; alternatively, as is generally described in US Patents 5,270,163; 5,475,096;
5,567,588; 5,595,877; 5,637,459; 5,683,867; 5,705,337 and related patents, hereby
incorporated by reference, nucleic acid “aptamers” can be developed for binding to
virtually any biomarker. Nucleic acid binding ligands also find particular use when
nucleic acids are binding targets. There is a wide body of literature relating to the
development of binding partners based on combinatorial chemistry methods. In these
embodiments, when the binding ligand is a nucleic acid, preferred compositions and

techniques are outlined in WO/1998/020162, hereby incorporated by reference.

[00154] Capture binding ligands that are useful in the present invention may be
“selective” for, “specifically bind” or “selectively bind” their target, such as a protein.
Typically, specific or selective binding can be distinguished from non-specific or non-
selective binding when the dissociation constant (Kp) is less than about 1x10~ M or
less than about 1x107° M or less than about 1x10~7 M. Specific binding can be
detected, for example, by ELISA, immunoprecipitation, coprecipitation, with or
without chemical crosslinking, two-hybrid assays and the like. Appropriate controls
can be used to distinguish between “specific” and “non-specific” binding.

[00155] In various exemplary embodiments, the capture binding ligand is an
antibody. These embodiments are particularly useful for the detection of the protein

form of a biomarker.

[00156] Detecting or measuring the concentration (e.g. to determine transcription
level) of a biomarker involves binding of the biomarker to a capture binding ligand,
generally referred to herein as a “capture probe” when the nucleic acid form (e.g.
mRNA) of the biomarker is to be detected on a solid support. In that sense, the

biomarker is a target sequence. The term “target sequence” or “target nucleic acid”
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herein means a nucleic acid sequence that may be a portion of a gene, a regulatory
sequence, genomic DNA, cDNA, RNA including mRNA and rRNA, or others. As is
outlined herein, the target sequence may be a target sequence found directly in a
sample. The target sequence may in some embodiments be a secondary target such as
a product of an amplification reaction such as PCR etc. In some embodiments,
measuring a nucleic acid can thus refer to measuring the complement of the nucleic
acid. It may be any length, with the understanding that longer sequences are more

specific.

[00157] Capture probes that “selectively bind” (i.e., are “complementary” or
“substantially complementary™) to or are “selective for” a target nucleic acid find use
in the present invention. “Complementary” or “substantially complementary” refers to
the hybridization or base pairing or the formation of a duplex between nucleotides or
nucleic acids, such as, for instance, between the two strands of a double stranded
DNA molecule or between an oligonucleotide primer and a primer binding site on a
single stranded nucleic acid. Complementary nucleotides are, generally, A and T (or
A and U), or C and G. Two single stranded RNA or DNA molecules may be said to
be substantially complementary when the nucleotides of one strand, optimally aligned
and compared and with appropriate nucleotide insertions or deletions, pair with at
least about 80% of the nucleotides of the other strand, usually at least about 90% to
95%, and more preferably from about 98 to 100%. Alternatively, substantial
complementarity exists when an RNA or DNA strand will hybridize under selective
hybridization conditions to its complement. Typically, selective hybridization will
occur when there is at least about 65% complementary over a stretch of at least about
14 to about 25 nucleotides, preferably at least about 75%, more preferably at least
about 90% complementary. See, generally, M. Kanchisa, Nucleic Acids Res., 2004,
12: 203.

[00158] “Duplex” means at least two oligonucleotides and/or polynucleotides that
are fully or partially complementary undergo Watson-Crick type base pairing among
all or most of their nucleotides so that a stable complex is formed. The terms
“annealing” and “hybridization” are used interchangeably to mean the formation of a
stable duplex. In one embodiment, stable duplex means that a duplex structure is not
destroyed by a stringent wash, e.g. conditions including temperature of about 5 °C
less that the Ty, of a strand of the duplex and low monovalent salt concentration, e.g.
less than 0.2 M, or less than 0.1 M. “Perfectly matched” in reference to a duplex
means that the poly- or oligonucleotide strands making up the duplex form a double
stranded structure with one another such that every nucleotide in each strand
undergoes Watson-Crick basepairing with a nucleotide in the other strand. The term
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“duplex” includes the pairing of nucleoside analogs, such as deoxyinosine,
nucleosides with 2-aminopurine bases, PNAs, and the like, that may be employed. A
“mismatch” in a duplex between two oligonucleotides or polynucleotides means that a

pair of nucleotides in the duplex fails to undergo Watson-Crick bonding.

[00159] The target sequence may also comprise different target domains; for
example, a first target domain of the sample target sequence may hybridize to a first
capture probe, a second target domain may hybridize to a label probe (e.g. a
“sandwich assay” format), etc. The target domains may be adjacent or separated as
indicated. Unless specified, the terms “first” and “second” are not meant to confer an
orientation of the sequences with respect to the 5°-3” orientation of the target
sequence. For example, assuming a 5°-3” orientation of the target sequence, the first
target domain may be located either 5° to the second domain, or 3’ to the second

domain.

[00160] When nucleic acids are used as the target analyte, the assays of the invention
can take on a number of embodiments. In one embodiment, the assays are done in a
solution format. In one embodiment, end-point or real time PCR formats are used, as
are well known in the art. These assays can be done either as a panel, in individual
tubes or wells, or as multiplex assays, using sets of primers and different labels within
a single tube or well. qPCR techniques relying on 5’ nuclease assays using FRET
probes or intercalating dyes such as SYBR Green can also be used for nucleic acid
targets. In addition to PCR-based solution formats, other formats can be utilized,
including, but not limited to for example ligation based assays utilizing FRET dye
pairs. In this embodiment, only upon ligation of two (or more) probes hybridized to
the target sequence is a signal generated.

[00161] In many embodiments, the assays are done on a solid support, utilizing a
capture probe associated with the surface. As discussed herein, the capture probes (or
capture binding ligands, as they are sometimes referred to) can be covalently attached
to the surface, for example using capture probes terminally modified with functional
groups, for example amino groups, that are attached to modified surfaces such as
silanized glass. Alternatively, non-covalent attachment, such as electrostatic,
hydrophobic/hydrophilic adhesion can be utilized. As is appreciated by those in the
art and discussed herein, a large number of attachments are possible on a wide variety

of surfaces.

[00162] In one embodiment, the target sequence comprises a detectable label, as
described herein. In this embodiment, the label is generally added to the target
sequence during amplification of the target in one of two ways: either labeled primers
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are utilized during the amplification step or labeled dNTPs are used, both of which are

well known in the art.

[00163] The detectable label can either be a primary or secondary label as discussed
herein. For example, in one embodiment, the label on the primer and/or a ANTP is a
primary label such as a fluorophore. In other words, a primary label produces a
detectable signal that can be directly detected. By “label” or “labeled” herein is meant
that a compound has at least one molecule, element, isotope or chemical compound
attached to enable the detection of the compound. In general, labels fall into four
classes: a) isotopic labels, which may be radioactive or heavy isotopes; b) magnetic,
clectrical, thermal; ¢) colored or luminescent dyes; and d) enzymes, although labels
include particles such as magnetic particles as well. The dyes may be chromophores
or phosphors but are preferably fluorescent dyes, which because of their strong
signals provide a good signal-to-noise ratio for decoding. Suitable dyes for use in the
invention include, but are not limited to, fluorescent lanthanide complexes, including
those of europium and terbium, fluorescein, rhodamine, tetramethylrhodamine, cosin,
erythrosin, coumarin, methyl-coumarins, pyrene, Malacite green, stilbene, Lucifer
Yellow, Cascade Blue, Texas Red, Alexa dyes and others described in Molecular
Probes Handbook (6th ed.) by Richard P. Haugland. Additional labels include
nanocrystals or Q-dots as described in US Patent 6,544,732,

[00164] Alternatively, the label may be a secondary label, such as biotin or an
enzyme. A secondary label requires additional reagents that lead to the production of
a detectable signal. A secondary label is one that is indirectly detected; for example, a
secondary label can bind or react with a primary label for detection, can act on an
additional product to generate a primary label (e.g. enzymes), or may allow the
separation of the compound comprising the secondary label from unlabeled materials,
etc. Secondary labels include, but are not limited to, one of a binding partner pair;
chemically modifiable moieties; nuclease inhibitors, enzymes such as horseradish
peroxidase, alkaline phosphatases, lucifierases, etc. Secondary labels can also include
additional labels.

[00165] In one embodiment, the primers or ANTPs are labeled with biotin, and then a
streptavidin/label complex is added. In one embodiment, the streptavidin/label
complex contains a label such as a fluorophore. In an alternative embodiment, the
streptavidin/label complex comprises an enzymatic label. For example, the label
complex can comprise horseradish peroxidase, and upon addition of a precipitating
agent, such as TMB, the action of the horseradish peroxidase causes an optically
detectable precipitation reaction. This has a particular benefit in that the optics for
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detection does not require the use of a fluorimeter or other detector, which can add to
the expense of carrying out the methods.

[00166] In various embodiments, the secondary label is a binding partner pair. For
example, the label may be a hapten or antigen, which will bind its binding partner.
Suitable binding partner pairs include, but are not limited to: antigens (such as a
polypeptide) and antibodies (including fragments thereof (FAbs, etc.)); other
polypeptides and small molecules, including biotin/streptavidin; enzymes and
substrates or inhibitors; other protein-protein interacting pairs; receptor-ligands; and
carbohydrates and their binding partners. Nucleic acid—nucleic acid binding proteins
pairs are also useful. In general, the smaller of the pair is attached to the NTP for
incorporation into the primer. Preferred binding partner pairs include, but are not
limited to, biotin (or imino-biotin) and streptavidin, digeoxinin and Abs, and

Prolinx™ reagents.

[00167] In the sandwich formats of the invention, an enzyme serves as the secondary
label, bound to the soluble capture ligand. Of particular use in some embodiments is
the use of horseradish peroxidase, which when combined with a precipitating agent
such as 3,3”,5,5 -tetramethylbenzidine (TMB) forms a colored precipitate which is
then detected. In some cases, the soluble capture ligand comprises biotin, which is
then bound to a enzyme-streptavidin complex and forms a colored precipitate with the
addition of TMB.

[00168] Thus, in various embodiments, the detectable label or detectable marker is a
conjugated enzyme (for example, horseradish peroxidase). In various embodiments,
the system relies on detecting the precipitation of a reaction product or on a change in,
for example, electronic properties for detection. In various embodiments, none of the

compounds comprises a label.

[00169] In alternate embodiments, the solid phase assay relies on the use of a labeled
soluble capture ligand, sometimes referred to as a “label probe” or “signaling probe”
when the target analyte is a nucleic acid. In this format, the assay is a “sandwich” type
assay, where the capture probe binds to a first domain of the target sequence and the
label probe binds to a second domain. In this embodiment, the label probe can also be
either a primary (e.g. a fluorophore) or a secondary (biotin or enzyme) label. In one
embodiment, the label probe comprises biotin, and a streptavidin/enzyme complex is
used, as discussed herein. As above, for example, the complex can comprise
horseradish peroxidase, and upon addition of TMB, the action of the horseradish

peroxidase causes an optically detectable precipitation reaction t.
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[00170] In embodiments finding particular use herein, a sandwich format is utilized,
in which target species are unlabeled. In these embodiments, a “capture” or “anchor”
binding ligand is attached to the detection surface as described herein, and a “soluble
binding ligand” (frequently referred to herein as a “signaling probe,” “label probe” or
“soluble capture ligand™) binds independently to the target species and either directly
or indirectly comprises at least one label or detectable marker.

[00171] As used herein, the term “fluorescent signal generating moiety” or
“fluorophore” refers to a molecule or part of a molecule that absorbs energy at one
wavelength and re-emits energy at another wavelength. Fluorescent properties that
can be measured include fluorescence intensity, fluorescence lifetime, emission

spectrum characteristics, energy transfer, and the like.

[00172] Signals from single molecules can be generated and detected by a number of
detection systems, including, but not limited to, scanning electron microscopy, near
field scanning optical microscopy (NSOM)), total internal reflection fluorescence
microscopy (TIRFM), and the like. Abundant guidance is found in the literature for
applying such techniques for analyzing and detecting nanoscale structures on
surfaces, as evidenced by the following references that are incorporated by reference:
Reimer et al, editors, Scanning Electron Microscopy: Physics of Image Formation
and Microanalysis, 2nd Edition (Springer, 1998); Nie ct al, Anal. Chem., 78: 1528-
1534 (2006); Hecht et al, Journal Chemical Physics, 112: 7761-7774 (2000); Zhu et
al, editors, Near-Field Optics: Principles and Applications (World Scientific
Publishing, Singapore, 1999); Drmanac, W0O/2004/076683; Lehr et al, Anal. Chem.,
75:2414-2420 (2003); Neuschafer et al, Biosensors & Bioelectronics, 18: 489-497
(2003); Neuschafer et al, US Patent 6,289,144; and the like.

[00173] Thus, a detection system for fluorophores includes any device that can be
used to measure fluorescent properties as discussed above. In various embodiments,
the detection system comprises an excitation source, a fluorophore, a wavelength
filter to isolate emission photons from excitation photons and a detector that registers
emission photons and produces a recordable output, in some embodiments as an
electrical signal or a photographic image. Examples of detection devices include
without limitation spectrofluorometers and microplate readers, fluorescence
microscopes, fluorescence scanners (including e.g. microarray readers) and flow

cytometers.

[00174] The term “solid support” or “substrate” refers to any material that can be
modified to contain discrete individual sites appropriate for the attachment or
association of a capture binding ligand. Suitable substrates include metal surfaces
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such as gold, electrodes, glass and modified or functionalized glass, plastics
(including acrylics, polystyrene and copolymers of styrene and other materials,
polypropylene, polyethylene, polybutylene, polycarbonate, polyurcthanes, Teflon,
derivatives thereof, etc.), polysaccharides, nylon or nitrocellulose, resins, mica, silica
or silica-based materials including silicon and modified silicon, carbon, metals,
inorganic glasses, fiberglass, ceramics, GETEK (a blend of polypropylene oxide and
fiberglass) and a variety of other polymers. Of particular use in the present invention
are the ClonDiag™ materials described below.

[00175] In one aspect, the invention provides a solid support comprising or
consisting of capture binding ligands selective for the protein form of the members of
a biomarker panel. In one aspect, the invention provides a solid support comprising or
consisting of capture probes selective for the nucleic acid form of the members of a
biomarker panel.

[00176] Frequently, the surface of a biochip comprises a plurality of addressable
locations, each of which comprises a capture binding ligand. An “array location,”

k13

“addressable location,” “pad” or “site” herein means a location on the substrate that
comprises a covalently attached capture binding ligand. An “array” herein means a
plurality of capture binding ligands in a regular, ordered format, such as a matrix. The
size of the array will depend on the composition and end use of the array. Arrays
containing from about two or more different capture binding ligands to many
thousands can be made. Generally, the array will comprise a plurality of types of
capture binding ligands depending on the end use of the array. In the present
invention, the array can include controls, replicates of the markers and the like.
Exemplary ranges are from about 3 to about 50. In some embodiments, the
compositions of the invention may not be in array format; that is, for some
embodiments, compositions comprising a single capture ligand may be made as well.
In addition, in some arrays, multiple substrates may be used, either of different or
identical compositions. Thus for example, large arrays may comprise a plurality of

smaller substrates.

[00177] Accordingly, in one aspect, the invention provides a composition comprising
a solid support comprising a capture binding ligand for each biomarker of a biomarker
panel. In various embodiments, the capture binding ligand is an antibody. In various
embodiments, the composition further comprises a soluble binding ligand for each

biomarker of a biomarker panel.

[00178] A number of different biochip array platforms as known in the art may be
used. For example, the compositions and methods of the present invention can be
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implemented with array platforms such as GeneChip (Affymetrix), CodeLink
Bioarray (Amersham), Expression Array System (Applied Biosystems), SurePrint
microarrays (Agilent), Sentrix LD BeadChip or Sentrix Array Matrix (Illumina) and
Verigene (Nanosphere).

[00179] In various exemplary embodiments, detection and measurement of
biomarkers utilizes colorimetric methods and systems in order to provide an
indication of binding of a target analyte or target species. In colorimetric methods, the
presence of a bound target species such as a biomarker will result in a change in the
absorbance or transmission of light by a sample or substrate at one or more
wavelengths. Detection of the absorbance or transmission of light at such wavelengths
thus provides an indication of the presence of the target species.

[00180] A detection system for colorimetric methods includes any device that can be
used to measure colorimetric properties as discussed above. Generally, the device is a
spectrophotometer, a colorimeter or any device that measures absorbance or
transmission of light at one or more wavelengths. In various embodiments, the
detection system comprises a light source; a wavelength filter or monochromator; a
sample container such as a cuvette or a reaction vial; a detector, such as a
photoresistor, that registers transmitted light; and a display or imaging element. In
some embodiments, a change in the colorimetric properties of a sample can be

detected directly by the naked eye, i.e., by direct visual inspection.

[00181] In various exemplary embodiments, a ClonDiag chip platform is used for the
colorimetric detection of biomarkers. In various embodiments, a ClonDiag ArrayTube
(AT) is used. One unique feature of the ArrayTube is the combination of a micro
probe array (the biochip) and micro reaction vial. In various embodiments, where a
target sequence is a nucleic acid, detection of the target sequence is done by
amplifying and biotinylating the target sequence contained in a sample and optionally
digesting the amplification products. The amplification product is then allowed to
hybridize with probes contained on the ClonDiag chip. A solution of a streptavidin-
enzyme conjugate, such as Poly horseradish peroxidase (HRP) conjugate solution, is
contacted with the ClonDiag chip. After washing, a dye solution such as o-dianisidine
substrate solution is contacted with the chip. Oxidation of the dye results in
precipitation that can be detected colorimetrically. Further description of the
ClonDiag platform is found in Monecke S, Slickers P, Hotzel H et al., Clin Microbiol
Infect 2006, 12: 718-728; Monecke S, Berger-Bachi B, Coombs C et al., Clin
Microbiol Infect 2007, 13: 236-249; Monecke S, Leube I and Ehricht R, Genome Lett
2003, 2: 106-118; German Patent DE 10201463; US Publication US/2005/0064469
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and ClonDiag, ArrayTube (AT) Experiment Guideline for DNA-Based Applications,
version 1.2, 2007, all incorporated by reference in their entirety. Use of the ClonDiag
platform for genotyping is described in Sachse K et al., BMC Microbiology 2008, 8:
63; Monecke S and Ehricht R, Clin Microbiol Infect 2005, 11: 825-833; and Monecke
S et al., Clin Microbiol Infect 2008, 14(6): 534-545. One of skill in the art will
appreciate that numerous other dyes that react with a peroxidase can be utilized to
produce a colorimetric change, such as 3,3°,5,5 -tetramethylbenzidine (TMB). For
information on specific assay protocols, see
www.clondiag.com/technologies/publications.php. Such dyes may be referred to as a
“precipitating agent” herein.

[00182] In various embodiments, where a target species is a protein, the ArrayTube
biochip comprises capture binding ligands such as antibodies. A sample is contacted
with the biochip, and any target species present in the sample is allowed to bind to the
capture binding ligand antibodies. A soluble capture binding ligand or a detection
compound such as a horseradish peroxidase conjugated antibody is allowed to bind to
the target species. A dye, such as TMB, is then added and allowed to react with the
horseradish peroxidase, causing precipitation and a color change that is detected by a
suitable detection device. Further description of protein detection using ArrayTube is
found in, for example, Huelseweh B, Ehricht R and Marschall H-J, Proteomics, 2006,
6,2972-2981; and ClonDiag, ArrayTube (AT) Experiment Guideline for Protein-
Based Applications, version 1.2, 2007, all incorporated by reference in their entirety.

[00183] Transmission detection and analysis is performed with a ClonDiag AT
reader instrument. Suitable reader instruments and detection devices include the
ArrayTube Workstation ATS and the ATR 03.

[00184] A schematic of example assay configurations that can used for detection is
shown in Figs. 1A and 1B. Fig. 1A shows a configuration that can be used to detect a
nucleic acid target. A capture probe is attached to a solid support, and a target labeled
with biotin binds to the capture probe. A horseradish peroxidase (HRP) conjugate
binds to the biotin, and when a soluble precipitating agent contacts the HRP, a visible
precipitate is created. Fig. 1B shows a configuration that can be used to detect a
polypeptide target, following a similar principle. In Fig. 1B, the capture binding
ligand and label probes are depicted as antibodies. The HRP conjugate can be directly
bound to the label probe or via a biotin-streptavidin linkage. These configurations are
particularly suited for use with the ClonDiag platform.

[00185] In addition to ArrayTube, the ClonDiag ArrayStrip (AS) can be used. The
ArrayStrip provides a 96-well format for high volume testing. Each ArrayStrip
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consists of a standard 8-well strip with a microarray integrated into the bottom of each
well. Up to 12 ArrayStrips can be inserted into one microplate frame enabling the
parallel multiparameter testing of up to 96 samples. The ArrayStrip can be processed
using the ArrayStrip Processor ASP, which performs all liquid handling, incubation,
and detection steps required in array based analysis. In various embodiments, where a
protein is detected, a method of using the ArrayStrip to detect the protein comprises
conditioning the AS array with buffer or blocking solution; loading of up to 96 sample
solutions in the AS wells to allow for binding of the protein; 3 x washing; conjugating
with a secondary antibody linked to HRP; 3 x washing; precipitation staining with
TMB; and AS array imaging and optional data storage.

[00186] Those skilled in the art will be familiar with numerous additional
immunoassay formats and variations thereof which may be useful for carrying out the
method disclosed herein. See generally E. Maggio, Enzyme-Immunoassay, (CRC
Press, Inc., Boca Raton, Fla., 1980); see also US Patents 4,727,022; 4,659,678;
4,376,110; 4,275,149, 4,233,402; and 4,230,767.

[00187] In general, immunoassays carried out in accordance with the present
invention may be homogencous assays or heterogencous assays. In a homogeneous
assay the immunological reaction usually involves the specific antibody (e.g., anti-
biomarker protein antibody), a labeled analyte, and the sample of interest. The signal
arising from the label is modified, directly or indirectly, upon the binding of the
antibody to the labeled analyte. Both the immunological reaction and detection of the
extent thereof can be carried out in a homogeneous solution. Immunochemical labels
which may be employed include free radicals, radioisotopes, fluorescent dyes,

enzymes, bacteriophages, or coenzymes.

[00188] In a heterogeneous assay approach, the reagents are usually the sample, the
antibody, and means for producing a detectable signal. Samples as described above
may be used. The antibody can be immobilized on a support, such as a bead (such as
protein A and protein G agarose beads), plate or slide, and contacted with the
specimen suspected of containing the antigen in a liquid phase. The support is then
separated from the liquid phase and either the support phase or the liquid phase is
examined for a detectable signal employing means for producing such signal. The
signal is related to the presence of the analyte in the sample. Means for producing a
detectable signal include the use of radioactive labels, fluorescent labels, or enzyme
labels. For example, if the antigen to be detected contains a second binding site, an
antibody which binds to that site can be conjugated to a detectable group and added to
the liquid phase reaction solution before the separation step. The presence of the
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detectable group on the solid support indicates the presence of the antigen in the test
sample. Examples of suitable immunoassays include immunoblotting,
immunofluorescence methods, immunoprecipitation, chemiluminescence methods,

electrochemiluminescence (ECL) or enzyme-linked immunoassays.

[00189] Antibodies can be conjugated to a solid support suitable for a diagnostic
assay (e.g., beads such as protein A or protein G agarose, microspheres, plates, slides
or wells formed from materials such as latex or polystyrene) in accordance with
known techniques, such as passive binding. Antibodies as described herein may
likewise be conjugated to detectable labels or groups such as radiolabels (e.g., *°S,
1251 BI1) enzyme labels (e.g., horseradish peroxidase, alkaline phosphatase), and
fluorescent labels (e.g., fluorescein, Alexa, green fluorescent protein, rhodamine) in

accordance with known techniques.

[00190] As used herein, the term “antibody” means a protein comprising one or more
polypeptides substantially encoded by all or part of the recognized immunoglobulin
genes. The recognized immunoglobulin genes, for example in humans, include the
kappa (x), lambda (1) and heavy chain genetic loci, which together compose the
myriad variable region genes, and the constant region genes mu (u), delta (3), gamma
(), epsilon (g) and alpha (o), which encode the IgM, IgD, IgG, IgE, and IgA isotypes
respectively. Antibody herein is meant to include full length antibodies and antibody
fragments, and may refer to a natural antibody from any organism, an engineered
antibody or an antibody generated recombinantly for experimental, therapeutic or
other purposes as further defined below. Antibody fragments include Fab, Fab’,
F(ab’),, Fv, scFv or other antigen-binding subsequences of antibodies and can include
those produced by the modification of whole antibodies or those synthesized de novo
using recombinant DNA technologies. The term “antibody” refers to both monoclonal
and polyclonal antibodies. Antibodies can be antagonists, agonists, neutralizing,
inhibitory or stimulatory.

[00191] The invention further provides kits for performing any of the methods
disclosed herein for a number of medical (including diagnostic and therapeutic),
industrial, forensic and research applications. In some embodiments, the kits are for
determining adipose tissue activity in a subject. Kits may comprise a portable carrier,
such as a box, carton, tube or the like, having in close confinement therein one or
more containers, such as vials, tubes, ampoules, bottles, pouches, envelopes and the
like. In various embodiments, a kit comprises one or more components selected from
one or more media or media ingredients and reagents for the measurement of the

various biomarkers and biomarker panels disclosed herein. For example, kits of the
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invention may also comprise, in the same or different containers, in any combination,
one or more DNA polymerases, one or more primers, one or more probes, one or
more binding ligands, one or more suitable buffers, one or more nucleotides (such as
deoxynucleoside triphosphates (ANTPs) and preferably labeled dNTPs), one or more
detectable labels and markers and one or more solid supports, any of which as
described herein. The components may be contained within the same container, or
may be in separate containers to be admixed prior to use. The kits of the present
invention may also comprise one or more instructions or protocols for carrying out the
methods of the present invention. The kits may comprise a detector for detecting a
signal generated through use of the components of the invention in conjunction with a
sample. The kits may also comprise a computer or a component of a computer, such
as a computer-readable storage medium or device. Examples of storage media
include, without limitation, optical disks such as CD, DVD and Blu-ray Discs (BD);
magneto-optical disks; magnetic media such as magnetic tape and internal hard disks
and removable disks; semi-conductor memory devices such as EPROM, EEPROM
and flash memory; and RAM. The computer-readable storage medium may comprise
software encoding references to the various therapies and treatment regimens
disclosed herein. The software may be interpreted by a computer to provide the
practitioner with treatments according to various measured concentrations of
biomarkers as provided herein. In various embodiments, the kit comprises a
biomarker assay involving a lateral-flow-based point-of-care rapid test with detection
of risk thresholds, or a biochip with quantitative assays for the constituent biomarkers.
Generally, any of the methods disclosed herein can comprise using any of the kits
(comprising primers, probes, labels, ligands, reagents and solid supports in any
combination) disclosed herein.

[00192] In one aspect, the invention provides a kit comprising a solid support
comprising or consisting of capture binding ligands selective for the protein form of
the members of a biomarker panel. In one aspect, the invention provides a kit
comprising a solid support comprising or consisting of capture probes selective for the
nucleic acid form of the members of a biomarker panel. In one aspect, the invention
provides a kit comprising (a) a solid support comprising or consisting of capture
binding ligands selective for the protein form of the members of a biomarker panel
and (b) a solid support comprising or consisting of capture probes selective for the

nucleic acid form of the members of a biomarker panel.

[00193] In one aspect, the invention provides use of a kit comprising a solid support
comprising probes selective for members of a biomarker panel for determining a

second therapy for a subject that has undergone a first therapy, wherein the subject is
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suffering from a disease (e.g. atherosclerosis). In one embodiment, the use comprises
(a) contacting a first sample from the subject with a solid support of the kit; (b) taking
a first measurement of the concentrations of the biomarker panel in the sample; (c)
effecting a first therapy on the subject; (d) contacting a second sample from the
subject with the solid support of the kit; and (e) making a comparison of the first and

second measurements.

[00194] In one aspect, the invention provides use of a kit comprising a solid support
comprising probes selective for members of a biomarker panel for determining
whether a subject belongs to a population that would benefit from a second therapy,
wherein the subject has undergone a first therapy. In one embodiment, the use
comprises (a) contacting a first sample from the subject with a solid support of the kit;
(b) taking a first measurement of the concentrations of the biomarker panel in the
sample; (¢) effecting a first therapy on the subject; (d) contacting a second sample
from the subject with the solid support of the kit; and (e) making a comparison of the

first and second measurements.

[00195] Using any of the methods and compositions described herein, a sample can
be assayed to determine concentrations of a biomarker panel. Thus, in one aspect, the
invention provides a method of assaying a sample comprising taking a measurement
of a biomarker panel in the sample. In one aspect, the invention provides a method of
acquiring data relating to a sample comprising taking a measurement of a biomarker
panel in the sample. In one aspect, the invention provides a method of measuring
analyte concentrations in a sample comprising taking a measurement of a biomarker
panel in the sample. In one aspect, the invention provides a method of determining
adipose tissue activity in a sample comprising taking a measurement of a biomarker
panel in the sample. In some embodiments, the method comprises contacting the
sample with a composition comprising a solid support comprising a capture binding
ligand or capture probe for each biomarker of a biomarker panel. Any biomarker
panel disclosed herein can be used in these and other methods.

Methods of diagnosing and treating

[00196] The compositions and methods of the present invention can be used in the

prognosis, diagnosis and treatment of disease in a subject.

[00197] A “subject” in the context of the present invention is an animal, preferably a
mammal. The mammal can be a human, non-human primate, mouse, rat, dog, cat,
horse, or cow, but are not limited to these examples. In various exemplary

embodiments, a subject is human and may be referred to as a “patient”. Mammals
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other than humans can be advantageously used as subjects that represent animal
models of a disease or for veterinarian applications. A subject can be one who has
been previously diagnosed or identified as having a disease, and optionally has
already undergone, or is undergoing, a therapeutic intervention for a disease.
Alternatively, a subject can also be one who has not been previously diagnosed as
having a disease. For example, a subject can be one who exhibits one or more risk
factors for a disease, or one who does not exhibit a disease risk factor, or one who is
asymptomatic for a disease. A subject can also be one who is suffering from or at risk
of developing a disease. In certain embodiments, the subject can be already
undergoing therapy or can be a candidate for therapy. In some embodiments, the
patient is being evaluated to see whether treatment with a disease-modulating drug is
efficacious in the patient.

[00198] The invention provides compositions and methods for laboratory and point-
of-care tests for measuring biomarkers in a sample from a subject. The invention can
be generally applied for a number of different diseases. In exemplary embodiments,
the disease is associated with an increase in visceral adipose tissue activity. In
exemplary embodiments, the disease is insulin resistance. In exemplary embodiments,
the disease is cardiovascular disease or risk. In exemplary embodiments, the disease is
atherosclerosis. In exemplary embodiments, the discase is diabetes mellitus. In
exemplary embodiments, the disease is chronic or systemic inflammation. In
exemplary embodiments, the disease is cardiodiabetes. Thus, the panel of biomarkers
disclosed herein may find particular use for in diagnosing and treating disorders
associated with cardiodiabetes.

[00199] The panel of biomarkers disclosed herein may find particular use for
determining drug efficacy in treating cardiodiabetes. “Cardiodiabetes” refers to
patients with insulin resistance and B-cell dysfunction without elevation of blood
glucose who are not identified as suffering from diabetes mellitus. These
normoglycemic patients, however, experience the same elevated cardiovascular risk,
which is predominantly linked to vascular insulin resistance. A cardiodiabetic subject
might not exhibit one or more of the normal symptoms of type 2 diabetes including,
but not limited to, hyperglycemia, fatigue, weight gain, excessive eating, poor wound
healing and infections. A cardiodiabetic subject is at high risk for cardiovascular
disease and may experience events such as myocardial infarction and stroke. That is,
diabetes mellitus, cardiodiabetes and metabolic syndrome are phenotypes of a
common underlying pathophysiology.
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[00200] The biomarkers and biomarker panels disclosed herein can be used in
methods to diagnose, identify or screen subjects that have, do not have or are at risk
for having disease; to monitor subjects that are undergoing therapies for disease; to
determine or suggest a new therapy or a change in therapy; to differentially diagnose
disease states associated with the disease from other diseases or within sub-
classifications of disease; to evaluate the severity or changes in severity of disease in a
subject; to stage a subject with the disease and to select or modify therapies or
interventions for use in treating a subject with the disease. In an exemplary
embodiment, the methods of the present invention are used to identify and/or
diagnose subjects who are asymptomatic or presymptomatic for a disease. In this
context, “asymptomatic” or “presymptomatic” means not exhibiting the traditional
symptoms or enough abnormality for disease. In exemplary embodiments, the subject

is normoglycemic.

[00201] In one aspect, the invention provides a method of determining a prognosis of
a disease in a subject, diagnosing a disease in a subject, or treating a disease in a
subject comprises taking a measurement of a biomarker panel in a sample from the

subject.

[00202] The term “disease status” includes any distinguishable manifestation of the
disease, including non-disease. For example, disease status includes, without
limitation, the presence or absence of disease, the risk of developing disease, the stage
of the disease, the progression of disease (e.g., progress of discase or remission of
disease over time), the severity of disease and the effectiveness or response to

treatment of disease.

[00203] As will be appreciated by those in the art, the biomarkers may be measured
in using several techniques designed to achieve more predictable subject and
analytical variability. On subject variability, many of the above biomarkers are
commonly measured in a fasting state, commonly in the morning, providing a reduced
level of subject variability due to both food consumption and metabolism and diurnal
variation. All fasting and temporal-based sampling procedures using the biomarkers
described herein may be useful for performing the invention. Pre-processing
adjustments of biomarker results may also be intended to reduce this effect.

[00204] The term “sample” used herein refers to a specimen or culture obtained from
a subject and includes fluids, gases and solids including for example tissue. In various
exemplary embodiments, the sample comprises blood. Fluids obtained from a subject
include for example whole blood or a blood derivative (e.g. serum, plasma, or blood
cells), ovarian cyst fluid, ascites, lymphatic, cerebrospinal or interstitial fluid, saliva,
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mucous, sputum, sweat, urine, or any other secretion, excretion, or other bodily fluids.
As will be appreciated by those in the art, virtually any experimental manipulation or
sample preparation steps may have been done on the sample. For example, wash steps
may be applied to a sample. In various embodiments, a biomarker panel is measured

directly in a subject without the need to obtain a separate sample from the patient.

[00205] In one aspect, the invention provides a method of diagnosing a subject for a
disease comprising taking a measurement of a biomarker panel in a sample from the
subject; and correlating the measurement with the disease. The term “correlating”
generally refers to determining a relationship between one type of data with another
or with a state. In various embodiments, correlating the measurement with disease
comprises comparing the measurement with a reference biomarker profile or some
other reference value. In various embodiments, correlating the measurement with

disease comprises determining whether the subject is currently in a state of disease.

[00206] The quantity or activity measurements of a biomarker panel can be
compared to a reference value. Differences in the measurements of biomarkers in the
subject sample compared to the reference value are then identified. In exemplary
embodiments, the reference value is given by a risk category as described further
below.

[00207] In various embodiments, the reference value is a basecline value. A baseline
value is a composite sample of an effective amount of biomarkers from one or more
subjects who do not have a disease, who are asymptomatic for a disease or who have
a certain level of a disease. A baseline value can be the concentration of biomarkers
measured in a sample obtained from a subject before a therapy is effected on the
subject. A baseline value can also comprise the amounts of biomarkers in a sample
derived from a subject who has shown an improvement in risk factors of a disease as a
result of treatments or therapies. In these embodiments, to make comparisons to the
subject-derived sample, the amounts of biomarkers are similarly calculated. A
baseline value can also comprise the amounts of biomarkers derived from subjects
who have a disease confirmed by an invasive or non-invasive technique, or are at high
risk for developing a disease. Optionally, subjects identified as having a disease, or
being at increased risk of developing a disease are chosen to receive a therapeutic
regimen to slow the progression of a disease, or decrease or prevent the risk of
developing a disease. A disease is considered to be progressive (or, alternatively, the
treatment does not prevent progression) if the amount of biomarker changes over time
relative to the reference value, whereas a disease is not progressive if the amount of

biomarkers remains constant over time (relative to the reference population, or
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“constant” as used herein). The term “constant” as used in the context of the present
invention is construed to include changes over time with respect to the reference

value.

[00208] The biomarkers of the present invention can be used to generate a “reference
biomarker profile” of those subjects who do not have a disease according to a certain
threshold, are not at risk of having a disease or would not be expected to develop a
disease. The biomarkers disclosed herein can also be used to generate a “subject
biomarker profile” taken from subjects who have a disease or are at risk for having a
disease. The subject biomarker profiles can be compared to a reference biomarker
profile to diagnose or identify subjects at risk for developing a disease, to monitor the
progression of disease, as well as the rate of progression of disease, and to monitor the
effectiveness of disease treatment modalities. The reference and subject biomarker
profiles of the present invention can be contained in a machine-readable medium,
such as but not limited to, analog tapes like those readable by a VCR; optical media
such as CD-ROM, DVD-ROM and the like; and solid state memory, among others.

[00209] The biomarker panels of the invention can be used by a practitioner to
determine and effect appropriate therapies with respect to a subject given the disease
status indicated by measurements of the biomarkers in a sample from the subject.
Thus, in one aspect, the invention provides a method of treating a disease in a subject
comprising taking a measurement of a biomarker panel in a sample from the subject,
and effecting a therapy with respect to the subject. In one embodiment, the
concentrations of the biomarkers of the biomarker panel increase or decrease

according to the values described herein or stay the same in response to the therapy.

[00210] The terms “therapy” and “treatment” may be used interchangeably. In
certain embodiments, the therapy can be selected from, without limitation, initiating
therapy, continuing therapy, modifying therapy or ending therapy. A therapy also
includes any prophylactic measures that may be taken to prevent disease.

[00211] In certain embodiments, effecting a therapy comprises administering a
disease-modulating drug to a subject. Various examples of suitable disease-
modulating drugs are described below. In exemplary embodiments, the disease-
modulating drug is an insulin sensitizer. In exemplary embodiments, the disease-
modulating drug is a glitazone. In exemplary embodiments, the disease-modulating
drug is pioglitazone. Generally, the drug can be a therapeutic or prophylactic used in
subjects diagnosed or identified with a disease or at risk of having the disease. In
certain embodiments, modifying therapy refers to altering the duration, frequency or
intensity of therapy, for example, altering dosage levels. In certain embodiments, a
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therapy comprises administering one or a combination of disease-modulating drugs

(e.g., combinations including an insulin sensitizer drug) to a subject.

[00212] In various embodiments, effecting a therapy comprises causing a subject to
make or communicating to a subject the need to make a change in lifestyle, for
example, increasing exercise, changing diet, reducing or eliminating smoking and so

on. The therapy can also include surgery, for example, bariatric surgery.

[00213] Measurement of biomarker concentrations allows for the course of treatment
of a disease to be monitored. The effectiveness of a treatment regimen for a disease
can be monitored by detecting one or more biomarkers of a biomarker panel in an
effective amount from samples obtained from a subject over time and comparing the
amount of biomarkers detected. For example, a first sample can be obtained prior to
the subject receiving treatment and one or more subsequent samples are taken after or
during treatment of the subject. Changes in biomarker concentrations across the
samples may provide an indication as to the effectiveness of the therapy.

[00214] To identify therapeutics or drugs that are appropriate for a specific subject, a
test sample from the subject can be exposed to a therapeutic agent or a drug, and the
concentration of one or more biomarkers can be determined. Biomarker
concentrations can be compared to a sample derived from the subject before and after
treatment or exposure to a therapeutic agent or a drug, or can be compared to samples
derived from one or more subjects who have shown improvements relative to a

discase as a result of such treatment or exposure.

Drug treatments

[00215] In exemplary embodiments, effecting a therapy with respect to a subject
comprises administering a disease-modulating drug to the subject. In exemplary
embodiments, the disease-modulating drug is an insulin sensitizer drug. The drug may
be in any form suitable for administration to a subject, such forms including salts,
prodrugs and solvates. The drug may be formulated in any manner suitable for
administration to a subject, often according to various known formulations in the art
or as disclosed or referenced herein. For example, the drug may be a component of a
pharmaceutical composition comprising the drug and an excipient. Any drug,
combination of drugs or formulation thereof disclosed herein may be administered to
a subject to treat a disease.

[00216] The subject may be treated with one or more disease-modulating drugs until

altered concentrations of the measured biomarkers return to a baseline value measured
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in a population not suffering from the disease, experiencing a less severe stage or
form of a disease or showing improvements in disease biomarkers as a result of
treatment with a disease-modulating drug. Additionally, improvements related to a
changed concentration of a biomarker or clinical parameter may be the result of
treatment with a disease-modulating drug and may include, for example, a reduction
in body mass index (BMI), a reduction in total cholesterol concentrations, a reduction
in LDL concentrations, an increase in HDL concentrations, a reduction in systolic

and/or diastolic blood pressure, or combinations thereof.

[00217] A number of compounds such as a disease-modulating drug may be used to
treat a subject and to monitor progress using the methods of the invention. In certain
embodiments, the disease-modulating drug comprises an antiobesity drug, a -
blocker, an angiotensin-converting enzyme (ACE) inhibitor, a diuretic, a calcium
channel blocker, an angiotensin II receptor blocker, a antiplatelet agent, an anti-
coagulant agent, a sulfonylurea (SU), a biguanide, an insulin, a glitazone
(thiazolidinedione (TZD)), a nitrate, a non-steroidal anti-inflammatory agent, a statin,
cilostazol, pentoxifylline, buflomedil or naftidrofuryl. In addition, any combination of

these drugs may be administered.

[00218] The beneficial effects of these and other drugs can be visualized by
assessment of clinical and laboratory biomarkers. For example, results from
PROactive (Pfiitzner et al., Expert Review of Cardiovascular Therapy, 2000, 4: 445-
459) and recent metanalyses have shown that these surrogate changes may translate
into effective reduction of macrovascular risk in patients with type 2 diabetes

mellitus.

[00219] Insulin sensitizer drugs are particularly useful in the various compositions
and methods of the invention. An “insulin sensitizer” as used herein refers to any drug
that enhances a subject’s response to insulin. Exemplary insulin sensitizers act as
agonists to PPAR, in particular to PPARy. General classes of insulin sensitizers
include, without limitation, glitazones (also referred to as thiazolidinediones(TZD))
and glitazars. In some embodiments, metformin is considered to be an insulin

sensitizer.

[00220] Accordingly, in exemplary embodiments, effecting a therapy comprises
administering an insulin sensitizer drug to a subject. Numerous insulin sensitizers are
known in the art and are useful in the present invention. Specific examples of insulin
sensitizers include pioglitazone, rosiglitazone, netoglitazone (MCC-555),
balaglitazone (DRF-2593), rivoglitazone (CS-011), troglitazone, MB-13.1258, 5-(2,
4-dioxothiazolidin-5-ylmethyl)-2-methoxy-N-[4-(trifluoromethyl) benzyl] benzamide
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(KRP-297), FK-614, compounds described in W0/1999/058510 (e.g. (E)-4- [4- (5-
methyl-2-phenyl-4-oxazolylmethoxy) benzyloxyimino]-4-phenylbutyric acid),
aleglitazar, farglitazar (GI-262570), tesaglitazar (AZ-242), ragaglitazar (NN-622),
muraglitazar (BMS-298585), reglitazar (JTT-501), ONO-5816, LM-4156,
metaglidasen (MBX-102), naveglitazar (LY-519818), MX-6054, LY-510929, T-131,
THR-0921 and the like. See W0O/2005/041962 and US/2006/0280794.

[00221] In various exemplary embodiments, a glitazone is administered to a subject
to treat a disease. In various exemplary embodiments, pioglitazone is administered to
a subject. These and other drugs that are administered to treat a subject have been

shown to affect concentrations of various biomarkers.

[00222] Furthermore, an insulin sensitizer such as pioglitazone may also be
administered with other drugs described herein. In various embodiments, pioglitazone
is administered with a statin, including but not limited to simvastatin. In various
embodiments, pioglitazone may be administered with insulin or a GLP-1 analog, such
as exenatide. In various embodiments, pioglitazone may be administered with an oral
antidiabetic drug, including but not limited to a sulfonylurea (such as glimepiride), a
biguanide (such as metformin), or a DPPIV-inhibitor (such as sitagliptin).

[00223] In addition, any of these drugs may be administered alone. Thus, in various
embodiments, a glucagon-like pepide 1 (GLP-1) analog is administered to a subject to
treat a disease. Examples of GLP-1 analogs include but are not limited to exenatide
and liraglutide.

[00224] In various embodiments, a dipeptidyl peptidase IV (DPPIV) inhibitor is
administered to a subject to treat a disease. Examples of DPPIV inhibitors include but
are not limited to sitagliptin, vildagliptin and saxagliptin.

[00225] In various embodiments, metformin is administered to a subject to treat a

disease.

[00226] In various embodiments, a glinide is administered to a subject to treat a
disease. Examples of glinides include but are not limited to repgalinide and
nateglinide.

[00227] In various embodiments, a sulfonylurea is administered to a subject to treat a
disease. Examples of sulfonylureas include but are not limited to gliclazide and
glimepiride.
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[00228] In various embodiments, an o-glucosidase inhibitor is administered to a
subject to treat a disease. An example of an a-glucosidase inhibitor is acarbose.

[00229] In various embodiments, an insulin is administered to a subject to treat a
disease. The term “insulin” by itself refers to any naturally occurring form of insulin
as well as any derivatives and analogs thereof. Different types of insulin may vary in
the onset, peak occurrence and duration of their effects. Examples of insulin that may
be useful in the present invention include but are not limited to regular human insulin,
intermediate acting regular human insulin (e.g., NPH human insulin), Zn-retarded
insulin, short acting insulin analog and long acting insulin analog. Examples of Zn-
retarded insulin include but are not limited to lente and ultralente. Examples of short-
acting insulin analog include but are not limited to lispro, aspart and glulisine.
Examples of long-acting insulin analog include but are not limited to glargine and

levemir.

[00230] In various embodiments, a drug such as an antiobesity drug is administered
to a subject. Numerous antiobesity drugs are known and may find use in the present
invention. The mechanism of an antiobesity drug can include, without limitation,
suppressing appetite, increasing a body’s metabolism and interfering with a body’s
ability to absorb food or components of food (for example, fat). Certain antiobesity
drugs such as the pancreatic lipase inhibitors act on the gastrointestinal system, and
certain drugs act on the central nervous system. In various embodiments, a subject is
administered an antiobesity drug selected from the group consisting of orlistat,
sibutramine, metformin, byetta, symlin and rimonabant. In various embodiments, a
subject is administered a combination of antiobesity drugs or an antiobesity drug in
combination with another drug described herein. In various embodiments, one or
more antiobesity drug is combined with one or more treatment regimens such as diet,

exercise and so on.

[00231] Any drug or combination of drugs disclosed herein may be administered to a
subject to treat a disease. The drugs herein can be formulated in any number of ways,
often according to various known formulations in the art or as disclosed or referenced

herein.

[00232] In various embodiments, one or more drug is combined with one or more

treatment regimens such as diet, exercise and so on.
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Methods of Determining Treatment Efficacy

[00233] Additionally, therapeutic or prophylactic agents (i.e., drugs) suitable for
administration to a particular subject can be identified by detecting one or more
biomarkers in an effective amount from a sample obtained from a subject and
exposing the subject-derived sample to a test compound that determines the amount of
the one or more biomarker in the subject-derived sample. Accordingly, treatments or
therapeutic regimens for use in subjects having a disease or subjects at risk for
developing a disease can be selected based on the amounts of biomarkers in samples
obtained from the subjects and compared to a reference value. Two or more
treatments or therapeutic regimens can be evaluated in parallel to determine which
treatment or therapeutic regimen would be the most efficacious for use in a subject to
delay onset, or slow progression of a disease. In various embodiments, a
recommendation is made on whether to initiate or continue treatment of a disease.
Thus, the biomarker panels of the present invention can be used to determine the
efficacy of treatment in a patient or subject.

[00234] Accordingly, in one aspect, the invention provides a method of assessing the
efficacy of a first therapy on a subject comprising: taking a first measurement of a
biomarker panel in a first sample from the subject; effecting the first therapy on the
subject; taking a second measurement of the biomarker panel in a second sample from
the subject; and making a comparison of the first measurement and the second
measurement. In some embodiments, the method further comprises effecting a second
therapy on the subject based on the comparison. In exemplary embodiments, the first

therapy comprises administering an insulin sensitizer drug to a subject.

[00235] In some embodiments, a therapy comprises administering a disease-
modulating drug to the subject. In these embodiments, changes in the levels of
biomarkers between the first and second measurement allows a physician to either: a)
keep the patient on a disease-modulating drug, as the changes in levels of certain
biomarkers indicates the drug is working; b) keep the patient on the drug and adjust
the dose; c) take the patient off the drug as efficacy is not present; and/or d) add an
additional drug to the treatment, whether the patient is kept on the drug or not. Thus,
effecting a second therapy in some embodiments comprises making a decision

regarding the continued administration of the first disease-modulating drug.

[00236] In exemplary embodiments, the first therapy comprises administering a
disease-modulating drug according to a first dosage regimen. In some embodiments,
the first therapy comprises administering a combination of drugs according to a first

dosage regimen. In exemplary embodiments, the combination comprises an insulin
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sensitizer drug. Thus, the methods of the invention can be used to test the efficacy of a
combination of drugs, which can be modified for subsequent therapies according to

differences in biomarker panel measurements.

[00237] A measurement of a biomarker panel will generally comprise the detection
or observation of some characteristic (e.g., concentration (also referred to as a level))
of each member of the biomarker panel. A comparison of a first measurement and a
second measurement will indicate a change, if any, in the measured characteristic for
the biomarker of interest. A change as used herein may refer to any statistically
relevant difference in the characteristic of a biomarker between a first measurement
and a second measurement. A statistically relevant difference may be defined by the
practitioner or by any art recognized method, and is generally defined herein. For
example, a statistically relevant difference may be defined as a difference that
surpasses a threshold defined by the practitioner. Thus, in various embodiments,
making a comparison of the first measurement and the second measurement
comprises determining the difference between the concentration of a biomarker in a
first sample determined by the first measurement and the concentration of the

biomarker in a second sample determined by the second measurement.

[00238] A change may refer to a single quantity, e.g., a 100% difference relative to a
first measurement or may refer to a range, e.g., about 50% to about 100% difference

or a > 50% difference relative to a first measurement.

[00239] A change may occur in either direction relative to a first measurement, i.e.,
the second measurement may be greater than or less than the first measurement. In
some instances, there may be no change between measurements, and this absence of
change may affect the therapeutic decision made by a practitioner in some

embodiments.

[00240] Changes in the concentration of various combinations of biomarkers, such as
those of a biomarker panel disclosed herein, will indicate to a practitioner a subject’s
responder status, i.e., whether or not a subject is a responder or nonresponder to a
therapy. It should be appreciated that changes in biomarker concentrations can, in
some cases, also indicate various degrees of response to a therapy. Thus, in some
embodiments, a subject may be determined to be a strong responder, an intermediate
responder or a weak responder. A subject associated with one of these response
categories may optionally be given a different therapy compared to a subject
associated with another. A practitioner can devise any number of response categories

according to his or her needs.
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[00241] Whether a subject is a responder or nonresponder to a therapy can be
determined by the number and/or degree of changes observed in any combination of
biomarkers of any biomarker panel disclosed herein. Identifying the responder status,
which includes identifying nonresponder status, of a subject can aid the practitioner in
choosing an appropriate therapy as discussed below.

[00242] One advantage of the biomarker panels of the invention is that they allow a
practitioner to detect a response to a therapy, such as administration of a disease-
modulating drug, within a short period of time, typically 1, 2, 3, 4, 5, 6 or 7 days,
preferably within 1, 2, 3 or 4 days. Responder status can often be determined within 1
day after administration of the drug. Biomarker measurements made within 3 days
after administration of the drug can be used to determine if changes in dosage are
necessary. It may also be advantageous to detect a response to a therapy within 2, 3 or
4 weeks.

[00243] There are numerous ways of determining a subject’s tendency to respond to
a therapy. In various embodiments, a subject’s responder status is based on a change
observed for each biomarker of a biomarker panel or of a subset of the biomarker
panel. In other words, if a biomarker panel comprises or consists of 9 biomarkers, a
subject’s responder status may be based on a change observedin 1,2, 3,4, 5,6, 7, 8

or 9 biomarkers, in any combination.

[00244] In some embodiments, a change as defined above (e.g. an increase or a
decrease, depending on the marker) in at least two markers (e.g., selected from
adiponectin, resistin, PAI-1, optionally leptin and optionally visfatin) allows calling a
patient a “responder”, e.g. that a therapy is beneficial to the patient. In alternative
embodiments, a change in at least 3, 4, 5, 6, 7, 8 or 9 of the markers allows the

continuation of a drug.

[00245] In some embodiments, measurements of biomarker concentrations may be
combined with genotyping of the subject to determine a therapy. That is, by
combining biomarker concentrations with a subject’s genotype for expressing, for
example, a particular member of the CYP superfamily, a practitioner can choose a
therapy or dosage accordingly.

[00246] Once a practitioner has made a determination, based on the comparison of
biomarker concentrations between a first and second measurement, as to whether a
subject is a responder, nonresponder or a responder of a certain degree to a therapy
(e.g. the administration of a disease-modulating drug), a practitioner may decide to
effect a therapy based on this determination.
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[00247] In some embodiments, the therapy comprises repeating or maintaining the
therapy, such as administration of a disease-modulating drug. A practitioner might
choose this therapy, if, for example, a subject that is administered a disease-
modulating drug according to a first dosage regimen is determined to be a responder
based on a change or set of changes described herein. In some embodiments, if the
concentrations of all of the biomarkers of a biomarker panel that are expressed in the
macrophage/monocyte decrease (e.g., MCP-1, MMP-9, NFkB, TNFq, L6, p105, relA
etc.), for example, at least 15% (or other appropriate value disclosed herein)
compared to a first measurement, then the therapy comprises repeating or maintaining
administration of a disease-modulating drug. In some embodiments, if the
concentrations of all of the biomarkers of a biomarker panel decrease (except for
biomarkers that tend to move in the opposite direction compared to others in
indicating a response) or otherwise change to indicate a response as described herein
compared to a first measurement, then the therapy comprises repeating or maintaining

administration of a disease-modulating drug.

[00248] In some embodiments, the therapy comprises administering an additional
drug to the subject, wherein the additional drug is different from a first administered
drug. Other drugs useful in the present invention are described herein. An exemplary
additional drug is a statin.

[00249] In some embodiments, the therapy comprises discontinuing a therapy, such
as administration of a disease-modulating drug. A practitioner might choose this
therapy, if, for example, a subject that is administered a disease-modulating drug
according to a first dosage regimen is determined to be a nonresponder, e.g., there is
no significant change in one or more of the biomarker concentrations. A practitioner
might also choose this therapy, if, for example, a subject is a weak responder. For
instance, a practitioner might determine that the risks of administering a drug
outweighs the benefits of the weak response. In some embodiments, if the
concentration of one or more biomarkers do not increase or decrease in a manner
indicative of response to a first therapy (such as administration of a disease-
modulating drug) as described herein, then a second therapy comprises discontinuing
the first therapy.

[00250] In some embodiments, a therapy comprises administering a disease
modulating drug, according to a second dosage regimen. In these embodiments, the
second dosage regimen will be different from the first dosage regimen associated with
administration of the drug before measurement of a biomarker panel. In exemplary

embodiments, the first dosage regimen comprises administering a disease-modulating

54



WO 2010/076655 PCT/IB2009/007982

drug at a first dose and the therapy comprises administering the disease-modulating
drug at a second dose that depends on the degree of change in the expression of MCP-
1 nucleic acid, MMP-9 nucleic acid or NFkB nucleic acid (or other nucleic acids of
other panels), for example, or in the concentrations of some combination (such as all)
of the biomarkers. In some embodiments, the therapy comprises administering a
disease-modulating drug according to an adjusted dosage regimen compared to a

previous dosage regimen.

[00251] The biomarkers of the invention show a statistically significant difference
between different responses to a disease-modulating drug. In various embodiments,
diagnostic tests that use these biomarkers alone or in combination show a sensitivity
and specificity of at least about 85%, at least about 90%, at least about 95%, at least
about 98% and about 100%.

[00252] The articles “a,” “an” and “the” as used herein do not exclude a plural
number of the referent, unless context clearly dictates otherwise. The conjunction “or”
is not mutually exclusive, unless context clearly dictates otherwise. The term

“include” is used to refer to non-limiting examples.

[00253] All references, publications, patent applications, issued patents, accession
records and databases cited herein, including in any appendices, are incorporated by

reference in their entirety for all purposes.
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WE CLAIM:

Claim 1. A kit comprising:
(a) a first solid support comprising:
(1) a capture binding ligand selective for adiponectin and
(ii) a capture binding ligand selective for resistin, and
(b) a second solid support comprising:
(1) a capture probe selective for PAI-1 nucleic acid.

Claim 2. The kit of claim 1 wherein one of the capture binding ligands

comprises an antibody.

Claim 3. The kit of any preceding claim further comprising:
(a) a soluble capture ligand selective for adiponectin; and
(b) a soluble capture ligand selective for resistin,
wherein each of the soluble capture ligands comprises a detectable label.

Claim 4. The kit of any preceding claim further comprising:
(a) a label probe selective for PAI-1 nucleic acid

wherein the label probe comprises a detectable label.

Claim 5. The kit of any preceding claim further comprising:
(a) a primer selective for PAI-1 nucleic acid;
wherein the primer optionally comprises a detectable label.

Claim 6. The kit of any of claims 3-5 wherein a detectable label is a
fluorophore.

Claim 7. The kit of any of claims 3-5 wherein a detectable label comprises
biotin.

Claim 8. The kit of any preceding claim further comprising a horseradish

peroxidase conjugate.

Claim 9. The kit of any preceding claim further comprising a precipitating
agent.
Claim 10. A method of assaying a sample comprising (a) taking a measurement

of the concentrations of adiponectin, resistin and PAI-1 nucleic acid in the sample,
thereby assaying the sample.
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Claim 11. The method of claim 10 wherein the sample is derived from a subject.

Claim 12. A method of treating atherosclerosis in a subject comprising
(a) measuring the concentrations of adiponectin, resistin and PAI-1 nucleic
acid in a first sample from the subject; and
(b) effecting a first therapy on the subject, wherein the concentrations of
adiponectin, resistin and PAI-1 nucleic acid in a second sample from

the subject are changed with respect to the first sample.

Claim 13. The method of claim 12 wherein one, a combination or all of the
changes selected from (a) an increase in adiponectin concentration; (b) a decrease in
resistin concentration and (c) a decrease in PAI-1 nucleic acid concentration occur(s)
between the first sample and the second sample from the subject after the first

therapy.

Claim 14. The method of any of claims 12 and 13 wherein one, a combination or
all of the changes selected from (a) an increase in adiponectin concentration of about
50% to about 100%, (b) a decrease in resistin concentration of about 30% to about
60% and (c) a decrease in PAI-1 nucleic acid concentration of about 10% to about
40% occur(s) between the first sample and the second sample from the subject after

the first therapy.

Claim 15. The method of any of claims 12-14 wherein effecting the first therapy
comprises administering a first disease-modulating drug to the subject.

Claim 16. The method of any of claims 12-15 wherein effecting the first therapy
comprises causing the subject to change diet, to exercise or to lose weight.

Claim 17. A method of assessing the efficacy of a first therapy on a subject
comprising:
(a) taking a first measurement of the concentrations of adiponectin, resistin
and PAI-1 nucleic acid in a first sample from the subject;
(b) effecting the first therapy on the subject;
(c) taking a second measurement of the concentrations of adiponectin, resistin
and PAI-1 nucleic acid in a second sample from the subject; and

(d) making a comparison between the first and second measurements.

Claim 18. The method of claim 17 further comprising (e) effecting a second
therapy on the subject based on the comparison.
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Claim 19. The method of claim 18 wherein effecting the first therapy comprises
administering a first disease-modulating drug to the subject according to a first dosage

regimen.

Claim 20. The method of claim 19 wherein effecting a second therapy comprises
making a decision regarding the continued administration of the first disease-

modulating drug.

Claim 21. The method of any of claims 19 and 20 wherein effecting a second
therapy comprises administering a second disease-modulating drug to the subject.

Claim 22. The method of any of claims 19-21 wherein effecting a second therapy

comprises administering a statin to the subject.

Claim 23. The method of any of claims 19-22 wherein effecting a second therapy
comprises discontinuing the administration of the first disease-modulating drug.

Claim 24. The method of any of claims 19-22 wherein effecting a second therapy
comprises repeating or maintaining the administration of the first disease-modulating

drug.

Claim 25. The method of any of claims 19-22 and 24 wherein effecting a second
therapy comprises administering the first disease-modulating drug according to an
adjusted dosage regimen compared to the first dosage regimen.

Claim 26. The method of claim 25 wherein the adjusted dosage regimen depends
on the degree of change in the concentration(s) of one, a combination or all of
adiponectin, resistin and PAI-1 nucleic acid between the first and second

measurement.

Claim 27. The method of any of claims 19-22 and 24-26 wherein if one, a
combination or all of the changes selected from (a) an increase in adiponectin
concentration of about 50% to about 100%, (b) a decrease in resistin concentration of
about 30% to about 60% and (¢) a decrease in PAI-1 nucleic acid concentration of
about 10% to about 40% occur(s) between the first and second measurements, then
effecting a second therapy comprises repeating or maintaining the administration of

the first disease-modulating drug.

Claim 28. The method of any of claims 19-23 wherein if one, a combination or
all of the changes selected from (a) an increase in adiponectin concentration of about

50% to about 100%, (b) a decrease in resistin concentration of about 30% to about
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60% and (c) a decrease in PAI-1 nucleic acid concentration of about 10% to about
40% do(es) not occur between the first and second measurements, then effecting a
second therapy comprises discontinuing the administration of the first disecase-
modulating drug.

Claim 29. The method of any of claims 15 and 19-28 wherein the first disease-

modulating drug is an insulin sensitizer.
Claim 30. The method of claim 29 wherein the insulin sensitizer is a glitazone.
Claim 31. The method of claim 30 wherein the glitazone is pioglitazone.

Claim 32. The method of any of claims 17 and 18 wherein effecting the first
therapy comprises causing the subject to change diet, to exercise or to lose weight.

Claim 33. The method of claim 32 wherein one, a combination or all of the
changes selected from (a) an increase in adiponectin concentration, (b) a decrease in
resistin concentration and (c) a decrease in PAI-1 nucleic acid concentration occur(s)

between the first and second measurements.

Claim 34, The method of any of claims 32 and 33 wherein one, a combination or
all of the changes selected from (a) an increase in adiponectin concentration of about
50% to about 100%, (b) a decrease in resistin concentration of about 30% to about
60% and (c) a decrease in PAI-1 nucleic acid concentration of about 10% to about
40% occur(s) between the first and second measurements.

Claim 35. The method of any of claims 11-34 wherein the subject is experiencing
atherosclerosis.

Claim 36. The method of any of claims 10-35 wherein a sample comprises blood.
Claim 37. The method of any of claims 10-36 wherein a sample is contacted with

the first and/or second solid support of the kit of any of claims 1-9.

Claim 38. A method of acquiring data relating to sample comprising (a) taking a
measurement of the concentrations of adiponectin, resistin and PAI-1 nucleic acid in

the sample, thereby acquiring data relating to the sample.

Claim 39. The method of claim 38 wherein the sample is derived from a subject,
optionally wherein the subject is experiencing atherosclerosis.
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Claim 40. The method of any of claims 38 and 39 wherein the sample comprises
blood.
Claim 41. The method of any of claims 38-40 wherein the sample is contacted

with the first and/or second solid support of the kit of any of claims 1-9.

Claim 42. Use of the kit of any of claims 1-9 to determine a second therapy for a
subject that has undergone a first therapy, wherein the subject is experiencing

atherosclerosis.

Claim 43. Use of the kit of any of claims 1-9 to determine whether a subject
belongs to a population that would benefit from a second therapy, wherein the subject

has undergone a first therapy.

Claim 44. The use of any of claims 42 and 43 comprising

(a) contacting a first sample from the subject with the first and/or second solid
support of the kit;

(b) taking a first measurement of the concentrations of adiponectin, resistin
and PAI-1 nucleic acid in the first sample;

(c) effecting a first therapy on the subject;

(d) contacting a second sample from the subject with the first and/or second
solid support of the kit; and

(e) making a comparison of the first and second measurements.

Claim 45. The use of claim 44 wherein effecting the first therapy comprises
administering a first disease-modulating drug to the subject according to a first dosage

regimen.

Claim 46. The use of claim 45 wherein the second therapy comprises

administering a second disease-modulating drug to the subject.

Claim 47. The use of any of claims 45 and 46 wherein the second therapy
comprises administering a statin to the subject.

Claim 48. The use of any of claims 45-47 wherein the second therapy comprises

discontinuing the administration of the first disease-modulating drug.

Claim 49, The use of any of claims 45-47 wherein the second therapy comprises

repeating or maintaining the administration of the first disease-modulating drug.
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Claim 50. The use of any of claims 45-47 and 49 wherein the second therapy
comprises administering the first disease-modulating drug according to an adjusted
dosage regimen compared to the first dosage regimen.

Claim 51. The use of claim 50 wherein the adjusted dosage regimen depends on
the degree of change in the concentration(s) of one, a combination or all of
adiponectin, resistin and PAI-1 nucleic acid between the first and second

measurement.

Claim 52. The use of any of claims 45-47 and 49-51 wherein if one, a
combination or all of the changes selected from (a) an increase in adiponectin
concentration, (b) a decrease in resistin concentration and (c) a decrease in PAI-1
nucleic acid concentration occur(s) between the first and second measurements, then
the second therapy comprises repeating or maintaining the administration of the first
disease-modulating drug.

Claim 53. The use of any of claims 45-47 and 49-52 wherein if one, a
combination or all of the changes selected from (a) an increase in adiponectin
concentration of about 50% to about 100%, (b) a decrease in resistin concentration of
about 30% to about 60% and (¢) a decrease in PAI-1 nucleic acid concentration of
about 10% to about 40% occur(s) between the first and second measurements, then
the second therapy comprises repeating or maintaining the administration of the first
disease-modulating drug.

Claim 54. The use of any of claims 45-48 wherein if one, a combination or all of
the changes selected from (a) an increase in adiponectin concentration of about 50%
to about 100%, (b) a decrease in resistin concentration of about 30% to about 60%
and (c) a decrease in PAI-1 nucleic acid concentration of about 10% to about 40%
do(es) not occur between the first and second measurements, then the second therapy
comprises discontinuing the administration of the first disease-modulating drug.

Claim 55. The use of any of claims 45-54 wherein the first disease-modulating

drug is an insulin sensitizer.
Claim 56. The use of claim 55 wherein the insulin sensitizer is a glitazone.
Claim 57. The use of claim 56 wherein the glitazone is pioglitazone.

Claim 58. The use of any of claims 42-44 wherein effecting the first therapy
comprises causing the subject to change diet, to exercise or to lose weight.
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Claim 59. The use of claim 58 wherein one, a combination or all of the changes
selected from (a) an increase in adiponectin concentration, (b) a decrease in resistin
concentration and (c) a decrease in PAI-1 nucleic acid concentration occur(s) between

the first and second measurements.

Claim 60. The use of any of claims 58 and 59 wherein one, a combination or all
of the changes selected from (a) an increase in adiponectin concentration of about
50% to about 100%, (b) a decrease in resistin concentration of about 30% to about
60% and (c) a decrease in PAI-1 nucleic acid concentration of about 10% to about
40% occur(s) between the first and second measurements.

Claim 61. The use of any of claims 58-60 wherein the second therapy comprises
administering a disease modulating drug to the subject.

Claim 62, The use of any of claims 43-61 wherein the subject is experiencing
atherosclerosis.
Claim 63. The use of any of claims 44-62 wherein a sample comprises blood.

62



WO 2010/076655 PCT/IB2009/007982

1/10
Fig. 1
HRP conjugate
biotin
(‘ O precipitating agent

FIG. 1A °

target

capture probe

S

HRP conjugate

(‘ O precipitating agent
label probe
FIG. 1B

target




Fig. 2
Accession

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361

WO 2010/076655

Record NM 004797

aggctgttga
gattccatac
ctgcccggte
aagggggcct
ccaggccgtg
cttattggtc
ggctttccgg
tcagcattca
accaagatct
aacattcctg
gtcagcctct
aatgtggacc
ctccaggtgt
accttcacag
ctccaggcca
attatttagt
attcatcaag
aacatgacca
ctctcctgat
cagattgtat
gacagtgcta
tagaggtaca
ccattgaatt
agtggttcta
tctacttcct
ccatctctaa
gatgtgatat
gtacagtgac
tgcctcagcec
tgtattttta
ctaggtgatc
gcccagtcga
cctcccacca
ccttgcagat
agaattaact
tttaggaaat
ccactgaagt
gtagcttgag
taccaacagg
aggttgaggt
cttcaaagat
aaactatctt
taatcattaa
tttttaagat
actgcaacct
ggaccacagg
ttcaccatat
tttgttgtta
gtaagccttg
aatattatgc
ttgcataata
aaacaatcaa
ccctcaggtg
cctgcccagce
ggtgatgccc
ttgcatctca
ggatgaaata

ggctgggeca
cagaggggct
atgaccagga
gcacaggttg
atggcagaga
ctaagggaga
gaatccaagg
gtgtgggatt
tctacaatca
ggctgtacta
tcaagaagga
aggcctccgg
atggggaagyg
gctttcttcet
aacagcccca
tggaggcctt
taactttaaa
gataactgac
gctcatatca
cctgaggctg
gaaatcaaac
tgttctcttt
tgccttcecte
tgatgaagtc
cttacctatg
gtgctgaact
ccactttttt
acgacctcgg
tcccgagtag
gtagaaatgg
cacccgcctce
tatctcactt
ggctagaggce
ccttgataaa
ccattccagt
ccctggtttt
tagggatgac
cctgaaatgc
gtcagggaag
agttgatggt
tttagcaaaa
tttgcttaca
ggtattattt
ggagtttccce
ttgcctccca
tgcctaccac
tggccaggct
ttttttgaga
tgttagtcag
aaactactgt
gaaattacca
gaccctttte
ctacacagta
tctcgtatcce
aaagaggaga
ttgctctggce
ttcatattga

2/10

tctcectecte
caggatgctg
aaccacgact
gatggcgggce
tggcacccct
catcggtgaa
caggaaagga
ggagacttac
gcaaaaccac
ctttgcctac
caaggctatg
ctctgtgctc
agagcgtaat
ctaccatgac
aagtcaatta
tagatattat
aaaatcatat
tagaaagaag
atcctataag
agagagttaa
ccagagctgt
ggagtgttgg
atgaattaaa
ctgtcttgga
tccetteteca
catccctgtt
tttttttgag
ctcactgcag
ctgagacttc
ggtttcgtca
gacctcccaa
tttattttgce
aactgcccag
tgcctcatga
ctctgcatgt
aagtatcaat
tgtgattttc
aaaacccatg
actgggcctc
ggtaaacatt
acagagtaaa
gttttaaatt
tttccacata
tctgttgcca
ggttcaagcg
catgccaggc
ggtctcgaac
aagatagata
aactctgtgt
aagcaagaaa
gagttgttct
tgtatgtcct
tagttctagg
ccaagccaca
gaggaagctc
tgagttgtgt
cttaattgca

acttccattc
ttgctgggag
caagggcccg
atcccagggc
ggtgagaagyg
accggagtac
gaacctggag
gttactatcc
tatgatggct
cacatcacag
ctcttcacct
ctgcatctgg
ggactctatg
accaactgat
aaggctttca
tcattcattt
gctatgttcc
tagttgacag
gcacagggaa
gtgaatgtct
ggactttgtt
taggtgtctg
acctccccca
aggactacta
tgcctttcce
cctcaaggcc
atggagtctc
cctcecettete
aggtgcattc
tgttggccag
agtgctggga
catggatgag
gaaggactgt
agaccaatct
aatcagtttt
ccttgttcag
agaacacgtc
gaggaattct
ctgaatttat
ctctcaggag
tagcattctc
ctgaacaatt
taaagctttg
ggctagagtyg
attcttctgc
taatttttgt
tcctgacctt
tgaggtttag
tgtgaatgtc
aataaaggaa
gtctttagat
tctgttctgc
gtttccctec
ccatctggct
tctttcceccag
gcctgtttet
gcttaagtta
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tgactgcagt
ctgttctact
gagtcctgct
atccgggcca
gtgagaaagyg
ccggggctga
aaggtgccta
ccaacatgcc
ccactggtaa
tctatatgaa
atgatcagta
aggtgggcga
ctgataatga
caccactaac
gtacggttag
actcattcat
cagtcctggg
tgctattttg
caagcattct
aaggtcacac
cactagactg
tttcccacct
agcagagctt
ctcaatggcc
tccaacgggg
acctggccag
actctgtcac
ctgggtccaa
caccacacat
gctggtctcg
ttacaggcat
agtcctgggt
gcttccgtca
cttgaatccc
atccacagaa
ctggacaata
cagaattttt
gaagccattg
tattgttctt
acaataactc
tatcaatata
ctctcttata
tctttttgtt
cagtggcatg
ctcagcctcce
atttttagta
gtgatctgcc
agagggatga
attcacaaca
aaatggaaac
aaggtttgaa
cttccgcagt
cgatatcaaa
aaatggacat
atgccccagc
gaccaatcac
ggggtatgta

ctgtggttct
gctattagct
tccectgcecece
taatggggcc
agatccaggt
aggtccccga
tgtataccgc
cattcgcttt
attccactgce
ggatgtgaag
ccaggaaaat
ccaagtctgg
caatgactcc
tcagagcctc
gaagttgatt
ttattcattc
gagcttcaca
tgcccactgt
cctgttttta
agtattaagt
tgccctttta
cacctgagag
cctcagagaa
cctgcactac
aaagccaact
gagcttctct
ccaggctgga
gcaattattg
ggctaatttt
aactcctggce
gagccaccat
gtgaggaaca
cctctaaatc
atatctaccc
acattttcat
tgaatctttt
catcaagaag
tctccttgag
taagaattac
cagtgatgtt
taaatttaaa
tgtgtattgce
gttgttgttg
atctcggctt
cgagtagctg
aagacagggt
cgcctccatt
agaggtgaga
gaaaacccaa
atttattcct
ccaaagctca
gtaggcttta
aagactgtgg
catgttttct
aagtgtaacc
tgagtcagga
gaggtatttt
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ccctaaagca
taatacctgt
agacatagct
ggctatgctc
gttaccctaa
tcaactgagg
ctgtgatgct
tgcttcatat
tggtgcattt
gttctgaagt
ttcectttett
ttttctttect
ctggagttca
ctcagcctcc
atttttcgta
gtgatccacc
ggtcaacttt
atatatctat
atttttatcc
taaaattgtt

aaattgggac
ccacaacaaa
ggaaaattcc
acagtctcac
actctctggg
ccaaaagagg
ttgaagtaca
attttagcgc
actctcttat
ctactttgtc
tcttecttee
ctctctctcet
gtggtgtgat
caagtagctg
gagacggggt
cgcctcggcce
cttttgatta
attattgtat
agtctaaaaa
gaatttaaaa

Record NM 020415

gtgtgccgga
tctcctecte
agaagccatc
cagcattggc
aggcttcgcec
cgagaccaca
tgtgcagccc
cggaggggtt

tttggttagc
ctccctgtcece
aatgagagga
ctggagtgcc
gtcaccggct
tgtcactgcc
tgaggtcgcg
gcgggggagc

Record NM 000602

aggagcacag
ccctccagcea
atcgcaaggc
cctgggcctg
ggcccacctg
ggaccgcaac
gacaacagga
caagggcatg
ggatgagatc
cttcatgccc
ggtggagaga
cagcaacttg
cctctactte
cttccacaaa
caactatact
ccacggggac
tgccctcacc
gctgccccgce
gcccectagag

ctgtgtttgg
gctgaattcce
acctctgaga
gcccttgtcet
gcctcagact
gtggttttct
ggagaaaccc
gcecececgcecce
agcaccacag
cacttcttca
gccagattca
cttgggaaag
aacggccadgt
tcagacggca
gagttcacca
accctcagca
aacattctga
ctcctggttce
aacctgggaa
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actgttatca
ctcttaatgc
tattgatttt
atctggttgg
gcagggttat
cctgagagaa
attgtggatt
tctattatta
cattatgtaa
taaaaataac
tttctttctce
ctctctettt
cttggctcac
gaactacagg
ttcaccacat
tcccaaagtg
gtgtttttgt
ttaaaatgtg
tatctgtctt
aaaaaaaaaa

tgagcccacc
tggggctgtt
tccaggaggt
agagcgtcac
gcacttgtgg
agtgcgcggyg
cgcagcgcgt
tggaaataaa

ctgcagggcc
tgcagctcag
acttcaggat
ttggtgaagyg
tcggggtgag
caccctatgg
agcagcagat
tccggcatcect
acgcgatctt
ggctgttccg
tcatcaatga
gagccgtgga
ggaagactcc
gcactgtctc
cgcccgatgg
tgttcattgc
gtgcccagcect
tgcccaagtt
tgaccgacat

gaaataggag
tgtgtttgag
ctctaaaatt
ggtgggctcc
tcctttgtgg
actgaggtca
tgtccaattc
gatatataca
tgtccttctt
atacgcactc
tctctectete
ttttgacaga
tgctacctct
ctcatgccac
tcgtcaggtt
ctgggattac
ggtatatctt
tttcttacag
ttaattggtg
aa

gagaggcgcc
ggtgtctagce
cgccggctcce
ctccaggggg
ctccgecectgt
catggactgg
gcacagcgcyg
cctggagatg

aagagcgctg
cagccgccgce
gcagatgtct
gtctgctgtg
ggtgtttcag
ggtggccteg
tcaagcagct
gtacaaggag
cgtccagcgg
gagcacggtc
ctgggtgaag
ccagctgaca
cttccccecgac
tgtgcccatg
ccattactac
tgccccttat
catcagccac
ctccctggag
gttcagacag
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agtggatgat
ctttcatgag
tcaacaagta
ttacagaaca
aaccagaggc
agatttcagg
tctttagttc
tgtttagtat
tatctgtgat
aacttccttt
tttccttect
ctctcgttct
accatgagca
tgcgcccagc
ggtttcaaac
aggcatgagc
tttccatcat
actgcatgta
tttagacaat

tgcaggatga
aagaccctgt
ctaatattta
gacctggcta
ggctcgtggyg
accggagcgc
ggcggaggcg
atgatgatga

tcaagaagac
cagagcagga
ccagccctca
caccatcccc
caggtggcgce
gtgttggcca
atgggattca
ctcatggggc
gatctgaagc
aagcaagtgg
acacacacaa
cggctggtge
tccagcaccc
atggctcaga
gacatcctgg
gaaaaagagg
tggaaaggca
actgaagtcg
tttcaggctg

agatgcaaaa
tttcccagag
gctaaagtct
cgctttcaca
acagagagag
attaatggtc
tgtcagcttt
tatgtcttat
aattttctgt
tctttcttec
tccttectec
gtggcectygyg
attctcctgce
taatttttgt
tcctgacttt
catcacacct
gttactttaa
gttgggtata
ttatatttaa

aagctctctg
gctccatgga
gggcaataag
cttgccccecceg
atgtgcgcgc
gctgctgtcg
gctccaggtc
tgatgatgg

ccacacgccce
cgaaccgcca
cctgcctagt
catcctacgt
aggcctccaa
tgctccagct
agattgatga
catggaacaa
tggtccaggyg
acttttcaga
aaggtatgat
tggtgaatgc
accgccgcct
ccaacaagtt
aactgcccta
tgcctctctce
acatgaccag
acctcaggaa
acttcacgag
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tctttcagac
gaacgagadt
ccceccgaggag
aacagtcctt
tgggacaaaa
taatgactct
atctgtctcc
cacctgagac
ggtgacgcct
tctgcagacc
cttttgtgtg
gcctgccacc
atctcagagt
agagtgaatg
aaacagtgtg
tctgcttcct
tcacccccca
tgagtgcttg
ctagtgtttc
cacaccccte
accctcgcgce
tcctecttceca
tggtttccaa
aggacagaac
gtgtcatttc
gacaggcagc
gtagggcaca
cccaggagtt
tatattttaa
aaagaccaat
ctaatcagcc
tcttttttga
gtcaaatgct
gtaaaaatgt
aaaaaaaaaa

caagagcctc
ggcacggtgyg
atcatcatgg
ttcatgggcc
ctggagatgc
ttctgaagga
aagaccttgg
cctgggagag
gcgggaccat
tggttcccac
cctggtagaa
gcggaggagg
ccactgtggc
tcceccatca
catgggttat
tttattttta
atctcttggt
ttagagagaa
tttgtggtct
cggacatcca
cccceccgegcece
ggggatcaaa
tgtgttcaat
tttccccaat
cggctgctgt
tcggattcaa
aagatggatg
caagaccagc
atatacttaa
ttatgggaga
caccatgttc
ttttgcactg
attgaaattg
ttcaaaaaaa
aaaaaaaa

Record NM 000230

gtaggaatcg
cattggggaa
gtgcccatcc
atcaatgaca
ttcattcctg
taccaacaga
gagaacctcc
gccagtggcc
acagaggtgg
gacctcagcc
ggaaggaact
atccaggact
ctaagcctcc
gggggtccac
caacaagagt
accaggggtyg
ggttccctcect
ccagcaacac

cagcgccagc
ccectgtgcgg
aaaaagtcca
tttcacacac
ggctccaccce
tcctcaccag
gggatcttct
tggagacctt
tggccctgag
ctgggtgctyg
ctggcttcca
ctgtcaattt
ttttgcttga
ccagcaaaga
tgtcttgtcc
atttcagaga
gagaattcca
aagctggaag
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tccacgtcgce
cctcctcatce
acagaccctt
aagtgatgga
atcgggaaag
agagaagaca
cctctecttg
aagtttgaag
ctggggcacc
tgaggccctt
actatttctg
ctggtgacag
actggccacc
tgtggcccaa
tttggagtgt
taggaataga
ggggaggggt
agagaactac
gtgtcaccgt
gcgtgacgga
cctecttttte
aggacggagt
agatttagga
tacagggtga
gtgtgagcag
ctaccttaga
taatgcactt
ctgggcaaca
atatatattt
attgcacaca
tccactgaaa
gacggtgacyg
tgttgaattg
taataaaata

ggttgcaagyg
attcttgtgg
agatgacacc
gcagtcagtc
catcctgacc
tatgccttcc
tcacgtgctg
ggacagcctg
caggctgcag
aggccttgaa
ggtatctcca
ccctgactcce
aaccaaagat
gtgggctgca
cctcttgacc
gggcagaggg
aggagttcca
cacatgttta

gcaggcgctyg
cacagctgtc
cctctttgtg
accctgaccc
aagaaactcc
tttgcctttt
gaggaccttt
cacaactccc
tgcttccacc
tgcaggatgg
ttccagtcac
gccaaaggcc
cctccccagt
ctctcctggce
aggtgacttg
ggaagaaatg
gtacctaaat
taaggaaaat
atctcaggaa
gcccacactg
cccttgatgg
ggggggacag
gcagaaatgc
ctcacagccg
tggacacgtg
taatatttct
tgggaggcca
taccaagacc
ctaatatctt
gatgtgaaat
aatcctcttt
tcagccatgt
tatgcttttt
aataaatacg

cccaagaagc
ctttggccct
aaaaccctca
tcctccaaac
ttatccaaga
agaaacgtga
gccttctcecta
gggggtgtec
gggtctctgce
ggtcactctt
ggattgaaga
tctaagccac
atatacacag
tctgggattc
catctccccce
gtaggcagag
tgaagaccac
tttattctgc
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cagaaagtga
atagtctcag
gtccggcaca
tggggaaaga
gaagaaaaga
gttaaaagat
aggtcaaact
ttaaggtctc
cgtctctctg
aactacgggg
attgccatca
agtggaagaa
acaggggtgc
ctggccatct
tttactcatt
tcagatgcgt
atttatcata
aatattattt
gtccagccac
ccaccttgtg
aaattgacca
agactcagat
aaggggctgce
cattggtgac
aggggggggt
gaaaacctac
aggcgggagyg
cccgtctett
taaatatata
gaatgtaatc
ctttggggtt
acaggatcca
cacttttgat
aagaatatgt

ccatcctggg
atcttttcta
tcaagacaat
agaaagtcac
tggaccagac
tccaaatatc
agagctgcca
tggaagcttc
aggacatgct
cctgcaagga
gcattgcatg
tcttccaaag
gatcctattc
ccaccaaggt
tcactgaatg
cctttggatg
atccacacac
attttattct

agatcgaggt
cccgcatggce
accccacagg
cgccttcatc
attttagtgt
ggtaaaccag
ccctagtctce
caaaccagac
cccactcggg
cttacaggag
ctcttgtact
acaccctttc
tgcaggtggc
ccctcecceccag
gaagcagatt
gcccagctct
tccttgceccect
aaactcgctc
ttgactggca
gccgcectgag
tacaatttca
gaggacagag
atgacctacc
tcacttcaat
gggtgagaga
cagccagagg
attgcttgag
taaaaatata
tatatatttt
taatagaagc
tttctttett
caggggtggt
aaataaacat
caggacagtc

aaggaaaatg
tgtccaagct
tgtcaccagg
cggtttggac
actggcagtc
caacgacctg
cttgccctgg
aggctactcc
gtggcagctyg
ctacgttaag
gacacccctt
gcataagacc
tcaccaggaa
cttcagccat
cctcaatgtg
accagaacaa
gcaggaactc
ggatggattt
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gaagcaaagc
gagtgcagtt
gagggttggyg
aactggtttc
tgagtggatc
taggtgtctg
gttttctgaa
ttctgcaatt
tggccaggca
agctgatgct
tggggcagtyg
agtgacggtc
tgaatggtcc
cttgcatgcc
aaaaatcttg
agacctgaca
cccttceccac
tcctgctget
atcaaagcag
taggctggag
attcccagtg
tgaacagcca
gccgtgceccca
ggcatcttag
ataagaaaat
gtcctctgat
cgagcgcttt
attgcctgca
aaagtgtgag
catgctgaag
gttctagaga
agatcctcac
gcacaatggc
taacttaaaa
cactttggga
acatggtgaa
cctgtagtcc
agagtacagt
gtcttaaaaa
cccctgcaaa

accagcttct
tccaatccca
ttcatctgag
atttctactg
tccaaggacc
cacccaggygyg
taacatttgt
gcttaggatg
ccccectggag
ttgcttcaaa
gtaagctctg
ccacactggt
agggttgatc
aaattgtagt
gggggttttt
agcactgcta
tggaggtcac
gtgtttttgc
ttaactttaa
aagctcaccc
gtcaaaccgc
aatgcatggt
ggggcccaca
cttctattat
acataagacc
acccagagca
ctggaaaadga
gagagaagcc
cagtgagtta
ggaccttgaa
agaggctggt
aaccacctaa
taattcccag
aaaaaaaaaa
ggccaaggtyg
accccgtctce
cagccactcg
gagccaagat
aaaaaaaaaa
aaaaaaaaaa

Record NM 173850

ctcccaggtg
gaggggactyg
aaaccgagca
taagttggga
atgtggggag
catccccagg
actccctctg
aacccgcgtt
gaagccagct
ggcagatgga
ccactctcte
tgtggggctyg
aaattcagca

cctggcagag
aacatggcaa
ggctctactc
aatcactcat
aggtttttta
tgtcaagcgt
actcatcggc
tgtaaatgaa
tgcagagaga
aagttctggc
ggcgccacct
ggttcctcte
gacgagtaaa
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ccaggctctt
tagatgggtc
caagagctgg
tgactgatgt
aggttatttt
tggggaatgt
gtggtgggtt
tttttcatga
agaagtttct
tccatccaga
gctttctccg
gactgcgatc
acactctggg
tcttgtctga
actccagtgg
ggcgagtgcc
attcaggaag
tatcacacag
gactgagcac
aataaacatt
actcacccat
gcagttgaca
gggaaccctg
agccacatcc
ataacagcca
ttacgtgagc
ggagtttcga
tgttttgttg
cagcgagagg
gggtaaagaa
gctgtggcca
tcaggctgag
agtgtgaaac
aagtttggcc
gggggatcac
tactaaaaac
ggaggctgag
cgcgccactg
aaagtttgtt
aaaa

agtcctcacc
gaagcaaaac
cagaacadaa
ccccaggaga
aaaatatcag
ccagatccgt
cctacagaga
taagtgttgce
gcaagaacag
ggcatcatgc
tggatgctgce
ttttctttecc
aagagtcttc

tggggtcagce
tggctgagct
caaaggtggc
tacatcacag
aaaaagattt
ttgggcagaa
ctttggaagg
aaatagctct
ggccctggcet
ataaaacgca
actgctaggg
ttcagagcag
tttattacat
ttggctcacc
tgaagaaaac
aggactcccc
atgaaagagg
tgggtggtygg
ctgcttcatg
aagattgagg
gtgccaaggt
gcaggtggga
cttgcacttt
ctttgaaaca
acaggtggca
caggtaatga
ggtagagttt
gaaggtttgg
cagagaaaga
gtttgatatt
gggtgagagc
gtgtcttaag
ttcctaagta
gggtgcggtyg
aaggtcacta
acaaaagtta
acaggagaat
cactccggcce
tttaaaaaaa

agccccctgce
agcagcacaa
cccacagtcc
aaaaaagagc
cccaatatat
agacacactg
agacaccatg
tgccctggtyg
agccagcaca
caaggctccc
gggctggtac
aaatatccca

gggaggtgca
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cagggccagg
gaacccattt
tctccagtta
tgtttgcaat
gttttgtcaa
gggagaagga
agtgagatca
ttcagggggg
gaccccaaag
aagggctgaa
agtggtcttt
gggtccttygg
ggcagtgttc
caagcaaggc
tcctttagceca
aggccagygcc
aggtttgggg
atctgtccaa
ctcagccctg
cctgccctca
ggggtattta
aatggtatga
gtaacatgtt
agataactga
ggaccaggac
gggactggaa
gaaggaggtyg
tgtgtggaga
agagacagga
aaaggagtta
tgctctggaa
ccttttgctc
taaatggttg
gctcacgcct
gatggcgagc
gctgagecgtyg
cgcttaaacc
tgatgacaga
tctaaataaa

cggatgtctg
gaaaccagtt
caggcgctgg
aaaagcttcc
gggaaaatat
ggacgatggt
ctggtgcaca
gaagcccagc
cacattggag
atccgaggcc
attccccact
ggaagtggat
atagctttct

ggtctccctg
tgagtgactc
gttctctcgt
ggtgttgccc
gtgtcatatg
tctagaatgt
ttttcttatc
ttgtgaggcc
agcctggaga
agccatttgt
cctatcatgg
tgtgaccctc
ctatttgggg
caaaattacc
ggtggtcctyg
accaggatgg
tctgccacca
ggaaacttga
actggtgcta
gggatcttgc
ccacagcagc
gctgaggggy
tacttttcag
gaatttaaaa
tatagcccag
ccagggagac
agggatgtga
tgcagaggta
gggcaagggc
agagtagcaa
aatgtgaccc
acaaaacctg
tctgtttttg
gtaatcccag
atcctggcca
gtggcgggeyg
tgggaggcygyg
gcgagattcc
ataactttgc

gctggcatct
tcttcatctg
gccttcecttet
agtactgggyg

gggatgcagyg
gatcagtatc

gtcggtgcca
tcatgtggag
caaaggcaag
tccctgaacc
tgcaaaactc
ggttttatcc
aggaatgagg



Fig. 6
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041

Accession

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

WO 2010/076655

atattcttca
cacggtgaaa
ggtccaagga
aggctttaag
ccccttgage
ggacgagatc
cttccattac
gaacacgctg
gaacttttac
gcagatcaat
tatagacccc
acatgagttt
agtcaaggtg
ctcttgcacc
tgatgagggc
gaaaacatta
caccttcgac
tggtgatctc
ggctgagctyg
tctgcccatg
cagcgagaaa
aaggagaatt

aggaaaatga
ggtcttctaa
tggaagcaaa
ctgctcaaga
atctctacag
aagcaggggt
atcatccacg
ttcattgacc
agtgccgaaa
gactttatca
ggcactgtga
gatccaaatg
cccatgatgt
atcctggaaa
aagctgaagc
ctgtcacgca
ctgaagaaga
accaagatcg
aagatggatg
gagacaccac
ataccttccg
cctgcttgcecce

Record NM 000029

atcccatgag
cctgccctet
ctccecggggce
gatgctcccg
tcgaccctge
cctggaagag
gtctggccaa
ccatccccac
gttgttctgg
tcctgccggt
tgcaggtgac
tgagcagctg
aattcaggcc
cgctgcaaaa
cttcttgggce
caccgtcctc
ggaccacaca
cacctcccgg
agtggcccag
gttcacagcc
ccctgtggtce
tgacaggttc
tgtggacagc
ctccectgctg
catgctctct
gactcaagtg
tgacctggac
actatctccc
cctgcaggac
gcaaaaattg
gcttgaagcg
cttggaggtyg

cgggcagcag
gccctctgceca
tgggtcagaa
tttctgggaa
accggctcac
gtcccagcgt
gtgatgtaac
ccctcagcta
gtactacagc
gtgagcctga
cgggtgtaca
gcaaaggcca
aagacatccc
cttgacaccg
ttccgtatat
tccccaacgg
gctgacaggc
ctggatgcgc
ggcagggctyg
ccaggcctgce
ctcccacgct
atgcaggctg
accctggcett
gccgagceccce
ggcatgggca
cccttcactg
aaggtggagg
cggaccatcc
ctgctcgccce
agcaatgacc
gatgagagag
accctgaacc
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accccacact
agccgagctt
ggatggcagce
agctggcctt
ctttctccat
tcaacttcag
agctgaccca
agaggctgca
ccatccttac
gtcaaaaaac
tgcttcttgce
taactaaaga
tccgtagtgg
taccctacca
acttggagaa
gggtcgtaga
ctctctccta
cccectcateg
agaggggtac
tcgtcgtcaa
tgctcttcct
aaaaaaaaaa

ggtcagaagt
cctccggcect
ggcctgggtyg
ccttggcccce
tctgttcagce
gagtgtcgct
cctcecctcectec
taaatagggc
agaagggtat
gggccaccat
tacacccctt
atgccgggaa
ctgtggatga
aagacaagtt
atggcatgca
ctgtctttgg
tacaggcaat
acaaggtcct
atagccaggc
acctgaagca
ctctggactt
tgacaggatg
tcaacaccta
aggagttctg
ccttccagca
agagcgcctg
gtctcacttt
acctgaccat
aggctgagct
gcatcagggt
agcccacaga
gcccattcct

aggcctggcc
ctcaccaagg
caaggagctt
ttacaaccct
gctgtgcecctg
aaagatgcca
gaagacccag
gccacagcgt
caactttcag
ccatgggaaa
aaattatatt
ggaagatttc
catataccaa
gaaaaatatc
gggattgcag
cgtgtctgta
cataggtgtc
cagcctgaaa
ggaaggggcc
gatagacaaa
gggaaagatt
aaaaaaaaaa

ggcccceccgtg
gcatgtccct
gttggcctca
gactcctgca
agtgaaactc
tctggcatct
agcctgtgca
atcgtgaccc
gcggaagcga
cctctgcctce
ccacctcgtc
gcccaaagac
aaaggcccta
gagggccgca
cagtgagcta
caccctggcc
cctgggtgtt
gtctgccctg
ccagctgctg
gcecgtttgtyg
cacagaactg
gaagactggc
cgtccacttc
ggtggacaac
ctggagtgac
cctgctgctg
ccagcaaaac
gccccaactg
gcccgceccatt
gggggaggtyg
gtctacccaa
gtttgctgtg
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atttttctgg
aattataaag
gcaaggcaga
ggcaggaaca
ggtgcccagyg
gaaaaagatc
gacctcaaac
aagtttttgg
aatttggaaa
attaacaacc
ttctttcgag
tttctggaga
gttggctatg
acagccatct
gtggacactt
cccagactcc
tccaaaatct
gtgggcgagyg
gctggcaccg
ccctatctgce
gttaacccta
aaaaaaa

ttgcctaagc
gtggcctctt
ggctgtcaca
aacttcggta
tgcatcgatc
gtccttctgg
caggcagcct
ggccggggga
gcaccccagt
ctggcctggg
atccacaatg
cccaccttca
caggaccagc
atggtcggga
tggggcgtygg
tctctctatce
ccttggaagg
caggctgtac
ctgtccacgg
cagggcctgg
gatgttgctg
tgctccctga
caagggaaga
agcacctcag
atccaggaca
atccagcctc
tccctcaact
gtgctgcaag
ctgcacaccg
ctgaacagca
cagcttaaca
tatgatcaaa

ctgttctcct
ctttgagcga
acatggactt
tcttectate
acagcaccct
ttcatgaggg
tgagcattgg
aagatgccaa
tggctcagaa
tgatcgagaa
ccaggtggaa
aaaacagttc
acgataagct
tcatccttecc
tctccagatg
acatgacggg
ttgaggaaca
ctgtgcacaa
gagcacagac
tgctgattta
ttggaaaata

aagactctcc
gggggtacat
cacctaggga
aatgtgtaac
actaagactt
ccagcctgtg
gggaacagct
agaagctgcc
ctgagatggc
ctggcctggce
agagtacctg
tacctgctcc
tggtgctagt
tgctggccaa
tccatggggce
tgggagcctt
acaagaactg
agggcctgct
tggtgggcgt
ctctctatac
ctgagaagat
tgggagccag
tgaagggctt
tgtctgttcc
acttctcggt
actatgcctc
ggatgaagaa
gatcttatga
agctgaacct
ttttttttga
agcctgaggt
gcgccactgce
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cctgcacttc
aacacagtgc
acaaccccgg
tcgactttga
cagtagaagc
tgggggtggg
aaccgaccag
tgggttttaa
aatgtaagaa
tgtgattttt
ccatagctgg
aaaaaaa

ctgggccgceyg
ctggcaaggc
acaaatcagc
gctggaaagc
ctgcagcggc
gaggcaagaa
cttgtttgtg
aattaaagta
catgacctcc
gaacaatacg
ttatttctcc

Record NM 000600

aatattagag
cctcgagccc
actccttcte
tgcctgctge
cacacagaca
acggcatctc
aagaggcact
tccaatctgg
ttgaggtata
ctgtgcagat
atgcaataac
agaaccagtg
tgcagtccag
taatgggcat
ctctatggag
aatatttaaa
taccacttga
ttgaatatcc
aaatggctaa
aatggttttt
a

tctcaaccce
accgggaacyg
cacaagcgcc
cttccctgcece
gccactcacc
agccctgaga
ggcagaaaac
attcaatgag
cctagagtac
gagtacaaaa
cacccctgac
gctgcaggac
cctgagggct
tcecttettet
aactaaaagt
tatgtgaagc
aacattttat
tttgtttcag
cttatacata
ataccaataa

Record NM 005746

gctgccgcgce
gaggtgggga
ccgcgccecgceg
cccecctetece
catttttctce
ggcccgagat
acaaggttac
aatgccgtga
tattttatgg
agaaaatcca
aaaagggatg
ctgttcctga
atccagagtg
caatcacagt
aaacttctgg

cccgcececttt
gtccgccaga
tcacggctcc
cctecctecge
cttcctcgca
gaatcctgcg
tcactataaa
aaagaagaca
gttgcagtac
ggaagccaaa
gaactacatt
gggctttgtc
ttactggctt
ggccacaaat
taacttagat
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tggccaaccc
ctctgcccct
gatgtgtcac
agccgtttcet
acaaatgcac
ccagtgttta
aaacaaaaaa
tacatttttg
gtgtagtgtc
tgaaagatgc
cttgtgttag

caataaatat
aaagagaagc
ttcggtccag
ccagtacccc
tcttcagaac
aaggagacat
aacctgaacc
gagacttgcc
ctccagaaca
gtcctgatcc
ccaaccacaa
atgacaactc
cttcggcaaa
ggtcagaaac
atgagcgtta
tgagttaatt
gtattagttt
agccagatca
tttttaaaga
atggcatttt

ctcggccccec
gctcccagac
cgggcccgcce
cgaccgagca
gcecgcecgecag
gcagaagccg
caatatccac
gaaaactcca
attcttaata
gatgtctaca
cttgagaagt
attcccagag
acaaattgga
tctagagagc
ggtctggaat

gctgagcaca
ggcctttgag
ccccagtcectce
ccttggtcta
ctcccagttt
gcgegggact
gtgttccctt
cattgccttc
tgtaatacct
aagcacctga
taataaacgt

aggactggag
tctatctccce
ttgccttctce
caggagaaga
gaattgacaa
gtaacaagag
ttccaaagat
tggtgaaaat
gatttgagag
agttcctgca
atgccagcct
atctcattct
tgtagcatgg
ctgtccactg
ggacactatt
tatgtaagtc
tgaaataata
tttcttggaa
aatatttata
aaaaaattca

ggagggtgac
tgcgagcacg
ctcctctgac
gtgacttaag
ggagctcgeg
agttcaacat
ccaacacaag
aattaaggaa
agtacttaaa
aagaacattt
atgatgggca
gaaatgttct
ttgagactat
agaagaaaat
acaagttaca
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gcatgaggcc
gcaaaggcca
ccacctttte
agtgtgctgc
gctgggttta
actgttccaa
ttcaagttga
ggtttgtatt
tagttttttc
atttctgttt
cttgccacaa

atgtctgagg
ctccaggagc
cctggggcetyg
ttccaaagat
acaaattcgg
taacatgtgt
ggctgaaaaa
catcactggt
tagtgaggaa
gaaaaaggca
gctgacgaag
gcgcagcttt
gcacctcaga
ggcacagaac
ttaattattt
atatttatat
atggaaagtg
agtgtaggct
ttgtatttat
gcaaaaaaaa

ggggtgaagyg
cgagccgcecg
ccctececcecte
caacggagcg
gcgcgcggcece
cctcectggece
caaagtttat
ggtgaaatat
aggtaaagta
ccaagatgat
tcttccaata
cttcacggtg
tcttgttcag
attggccaaa
tgattttggc

agggccccag
gcagcagata
ttctaatgag
atggagtgag
ttttagagaa
aaagaattcc
gaacaaaaat
tagtgtcttg
cacagatgct
gaatgcggaa
taagcctcca

ctcattctgce
ccagctatga
ctcctggtgt
gtagccgccce
tacatcctcg
gaaagcagca
gatggatgct
cttttggagt
caagccagag
aagaatctag
ctgcaggcac
aaggagttcc
ttgttgttgt
ttatgttgtt
ttaatttatt
ttttaagaag
gctatgcagt
tacctcaaat
ataatgtata
aaaaaaaaaa

cgggggaacc
cagccgtcac
tctceccgttte
cggtgaagct
cctgtcectece
accgactcct
tcctactttg
gaggaaacag
gtaaccaaag
gtctttaatg
gaaataaaag
gaaaacacag
tcctggtatc
tatttgttag
tacagaggag
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tctcttecca
cagatacagt
caggctattc
aaaaagatgc
gcgatagcta
taatagtatc
ttgacactgt
caaagggtta
ttaatacctt
ttgccttcgg
ccttcaagtg
ttgctgatcc
ggaattttgt
tccatactgt
aaaatgcaca
tgtgttgtgt
tgatacatta
cttttccagt
tgctaaagta
cttttcacaa
atttgcataa
caagattgtg
gatttttatg
ccattaatca
aaaattatgt
tattaatcat
agttattata
tactgcaatt
ggagataatg
aatacttaca
catattctat
atgtttcaat
tgtatggaca
attcttaaat
atcttaagtt
tagattctga
atgtatgtag
ttggacttct
ggtaaacagc
gccctttaca
ccttgcattt
ggaattttcc
ttagaaaagt
catctgtttt
atcttcatta
ttaaacatgt
gatataaaat
gaaaaacaca
attaccaata
tacagacagt
gaaatttgca
taattctatt
cttggtattt
ctctgctgtg
atggatttaa
catcaagtat
ccctataatt
tatcaaacaa
atttattgtt

agagactgct
agcaggactt
tgttccagca
ttttgaacat
tgacatttat
aagaagtaca
gttaaaggtt
caagttgctg
acaagagatt
ttctggtgga
tagctatgtt
caacaaaagg
tacactggag
cttcaagaat
gctgaatatt
gtatgtaata
cagccaaatt
gtttaggtga
agctttttag
ataacagaac
aattaccatg
taagatatat
agcacagact
gcaaataaaa
cgggacatac
tctacattaa
tatcttggtt
ttatatgtca
tttttagaga
aaagtggaag
agttggtatg
tctgttatat
tcatttatta
gaagataaat
ggctaaattc
atcatacatc
atctgttctt
ttttataaat
tgcaatagaa
caaaattaca
aaaaggaaat
tcttttgtct
ttttaacatg
aaatagttac
aatgtttttt
agtgagaaca
aattttaaaa
catttcttca
atagttttga
attctctgtg
gtgaaaaaag
ggctcttagt
ggccatctcc
tgtcaccctt
gtcattagat
ttatatctta
aaagtaaaat
tttttataat
ctgtttgcca
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ggcataggag
gctctaatta
gcagaacaca
attgtaacac
aatgcgtgtg
caggcaccac
ttggagattt
ccaccttatc
gtagaaggca
ggtttgctac
gtaactaatg
tccaaaaagg
gaaggaaaag
ggcaaggtga
gaactggaag
cataatgttt
atttgttggt
tctcaaatta
ggccctttgce
tgagaaactt
attgctttat
ttgaagtttc
ttcaagaaaa
catggcctta
cctatagaat
agaaaataat
gttgtattgt
gagattgcct
gaatttctgc
tagtgtattt
acttaaatga
tttttattaa
attttaaact
tatctccaat
aaagtgcttg
acatctgact
ctgaggcagc
gcagattgtc
gccaaatgag
caaaaagttt
gttggtttct
tcttttttet
acattaaatg
atgagaaaat
gtaagtggta
ataagcatta
tgatttttta
caaaatgtgc
taatcaccca
ttctgtgaat
ctatctcttt
cacttggaac
attctgagca
aaatcagtct
tttcaactga
aataggaggt
gttttttatg
gaaatctatc
taatttagaa

catctgctca
aaaaatatta
gtaccataac
agttttcatc
agaaaatatg
taataatcag
taggtaagaa
ttagagttat
tgaaacaaaa
agaagttgac
gccttgggat
gccgattatc
gagaccttga
caaaaagcta
cagcacatca
attgtacaga
ttatggacat
ggaaatgcat
caataggtag
ttatatataa
gtttatattt
agtgatttaa
tacttgaaaa
acaaagttgt
tactaacctt
ggttcttact
accagtgaaa
gtggctctaa
ttccactata
taaagtaatt
attactggag
gtttttaaaa
gaatgccctc
gaaaagcatg
acatcaaaat
agagaccadgt
ggttggccaa
tatggctgct
aatcgcaaag
cctgatctct
agggaaggga
cacttaagaa
tgaaatttta
gatcactaga
ttagaaagaa
ttcactttta
atgtatttga
taaggggcegt
taattttgtg
ttcagcagct
gttcacaacc
tgattaattc
ccaaacggtt
aaatcttcca
cattaattaa
aggatttctg
agtatccctt
ttggaaaatt
ctcacactta
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cttggttaac
tggaacgaaa
agcttggggg
agtgcctgta
gggtgaagat
acctgattct
gtttcctgtt
tcaaggggat
aatgtggagt
aagagatctc
taacgtcttc
tttacatagg
ggaatatggt
ttcatttgat
ttaggcttta
tgtgtggggt
actgcccttt
ttaaccatgt
tcattcaatc
ctgatgatca
aacttgtatt
cagtctttcc
taaattacat
ttgtgttatt
actgcccctt
ggaatgtcta
tgccaaattt
tatgcacctc
gaatatatac
acacttctga
tgggtagtga
aattaaattg
aataagtaat
acatgtgttt
gttctagagt
ttctttcgaa
ctatagccca
ttcccactac
cccaaaatgt
gttctaagaa
ggaggctaaa
tccgatactg
aaaattgaaa
ataacctaat
tatgtttttc
gtaagtcttc
gtaaagatga
gtaaagaatc
tttaaacatt
tcagaataga
ataaatcagg
tgactttctg
aacacgaatg
gacaaaagca
tccctcecttga
tgttaagact
gttttccctt
agaaagaaaa
agtattttgt

ttcaaaggaa
gatcctgttc
aaagaccatg
tctgtggtca
ctaagacatt
ggaaaccctc
actgagaact
ggagtagata
attgaaaata
ttgaattgtt
aaggacccag
acgccagcag
caggatcttc
gaaataagaa
tgactgggtyg
ttgtgtttta
catttttttt
aaaagatgag
tggtattgat
cataaaacag
tttgtacaaa
aacttttcat
tgccttttgt
gtacaatttg
gtagaatatg
ggcactgtac
gaaaggcctg
aagattttaa
ataaatgtaa
atttattttt
gtgtacttaa
gatattaaat
actgaagcac
caatagaaga
gattagctac
tgattctttt
aaggccaaat
tccagcctaa
ttattaacct
aaggagtgtyg
taattgatac
gaagactgat
agccataaat
tagaagtgtt
agatggttct
tgtaatccat
gtagtattaa
aaaagaaact
gaaattatag
gtttaattta
agatggagat
tcactaagca
tccactagaa
aatggcattt
ttgattatat
cttatttgta
cttaaattgt
atggcaaggt
agttttacat
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Record NP_004788

mlllgavlll
tpgekgekgd
tyvtipnmpi
amlftydgyqg
hdtn

lalpghdget
pgligpkgdi
rftkifyngg
ennvdgasgs

Record NP_065148

mkalcllllp
atcprgfavt

vlgllvsskt
gctcgsacgs

Record NP_000593

mgmspaltcl
gvasvlamlg
fvgrdlklvg
dgltrlvlvn
ghyydilelp
fsletevdlr
stavivsarm

vlglalvige
lttggetqaq
gfmphffrlf
alyfnggwkt
vhgdtlsmfi
kplenlgmtd
apeeiimdrp

Record NP_000221

mhwgtlcgfl
dfipglhpil
wasgletlds

wlwpylfyvg
tlskmdgtla
lggvleasgy

Record NP_776249

mnptlglaif
kklafynpgr
heltgktgdl
isgkthgkin
mfrsgiygvg
rrvvdvsvpr
dergtegaag

lavlltvkgl
niflsplsis
klsigntlfi
nlienidpgt
yddklsctil
lhmtgtfdlk
tgagtlpmet

Record NP_000020

mrkrapgsem
kpkdptfipa

apagvslrat
pigaktspvd
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ggagaatgtc
tcaagttata
aaaaaaaaaa

ttggpgvllp
getgvpgaeg
nhydgstgkf
v1llhlevgdg

lcsmeeaine
wdvraettch

gsavhhppsy
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rstvkgvdfs
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aacatgtaat
aaa
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vwlgvygege

rigevagsli
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vahlasdfgv
dkgmapalrh
everarfiin
lfhksdgstv
saltnilsaq
slsdgeplhv
gtvlfmggvm
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ifeehgdltk
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aagdrvyihp
vaakldtedk
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ccaagttgta
aaacatggaa

agipghpghn
kgepgegayv
ayvhitvymkd
rnglyadndn

fraissigle
arccrvgp

rviggvagas
lykelmgpwn
dwvkthtkgm
svpmmagtnk
lishwkgnmt
agalgkvkie
ep

rindishtgs
lenlrdllhv
1dlspgc

grmaakelar
gfnfrkmpek
etiltnfagnl
nvtkeedffl
khlekglgvd
iaphrslkvg
svlflgkivn

fhlvihnest
lraamvgmla

tgttaagtct
ataaagttta

gapgrdgrdg
yrsafsvgle
vkvslfkkdk
dstftgflly

cgsvtsrgdl

kdrnvvispy
kdeisttdai
isnllgkgav
fnytefttpd
rlprllvlpk
vnesgtvass

vsskgkvtgl
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eavhkaelkm
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ceglakanag
nflgfriygm



Fig. 10

121
181
241
301
361
421
481

Accession

1
61
121
181

Accession

1
61
121
181
241
301
361
421
481

WO 2010/076655

hselwgvvhg
lsalgavggl
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wvdnstsvsv
fggnslnwmk
vgevlnsiff
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idrfmgavtyg
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Record NP_000591

mnsfstsafg
ldgisalrke
efevyleylg
agngwlgdmt

pvafslglll
tcnksnmeces
nrfesseeqa
thlilrsfke

Record NP_005737

mnpaaeaefn
glgyilnkyl
egfviprgnv
gnldgleykl
svpaaehsti
srstgaplii
lgeivegmkqg
pnkrskkgrl
dlnieleaah

illatdsykv
kgkvvtkeki
l1ftventdpe
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h
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gtlaslylga
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wktgcslmga
hwsdigdnfs
mpglvlggsy
estgglnkpe
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ravgmstkvl
flgsslralr

thykagyppnt
geakdvykeh

cywltnwiet
getagigasa
afehivtagfs
vlkvleilgk
gsgggllgkl
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ldhtadrlga
vitapglhlk
svdstlafnt
vtgvpftesa
dlgdllagae
vlevtlnrpf

ppgedskdva
nlpkmaekdg
igflgkkakn
am

skvysyfecr
fgddvfnekg
ilvgswypit
hlvnfkgtdt
svpvsvvsds
kfpvtenskg
trdllncsfk
eeyggdllht

PCT/IB2009/007982
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