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Description
TECHNICAL FIELD

[0001] This invention pertains to in vitro methods and compositions for the diagnosis and prognosis of cardiovascular
conditions.

BACKGROUND

[0002] Despite significant advances in therapy, cardiovascular disease remains the single most common cause of
morbidity and mortality in the developed world. Thus, prevention and therapy of cardiovascular conditions such as heart
failure, myocardial infarction and stroke is an area of major public health importance. Currently, several risk factors for
future cardiovascular disorders have been described and are in wide clinical use in the detection of subjects at high risk.
Such screening tests include evaluations of total and HDL cholesterol levels. However, a large number of cardiovascular
disorders occur in subjects with apparently low to moderate risk profiles, and ability to identify such patients is limited.
Moreover, accumulating data suggests that the beneficial effects of certain preventative and therapeutic treatments for
patients at risk for or known to have cardiovascular disorders differs in magnitude among different patient groups.
[0003] Shimpo et al ("Serum levels of interleukin-1 receptor family member ST2 predict mortality in clinical outcome
in acute myocardial infarction", Circulation, Vol. 109, No. 18, 11 May 2004, pages 2186-2190) relates to a study designed
to test the hypothesis that ST2 serum levels are associated with risk of death and heart failure in patients presenting
with ST elevation myocardial infarction, but is not concerned with diagnosis. Schmitz et al ("IL-33, an interleukin-1-like
cytokine that signals via the IL-1 receptor-related protein ST2 and induces T helper type 2-associated cytokines", Im-
munity, Vol. 23, No. 5, 1 November 2005, pages 479-490) reports the induction of IL-33 expression in primary lung or
dermal fibroblasts and keratinocytes upon TNF-o and IL-1-B activation. Induction in such cell types correlates with higher
endogenous levels of IL-33 in lung and skin.

SUMMARY

[0004] Thepresentinventionincludes in virtomethods forthe use of interleukin-33 (IL-33) in the diagnosis and prognosis
of cardiovascular conditions including acute coronary syndrome (ACS), coronary artery disease (CAD), myocardial
infarction, heartfailure, angina, cardiac hypertrophy, arterioselerosis, myocarditis, pericarditis, endocarditis, stroke and/or
pulmonary embolism.

[0005] Inone aspect, theinvention provides in vitro methods for diagnosing a cardiac disease in a subject. The methods
include determining a level of IL-33 in a sample from a subject, wherein the level of IL-33 in the sample is indicative of
whether the subject has a cardiovascular disease (i.e., correlates to the presence or absence of cardiovascular disease).
The methods include determining a level of IL-33 in the sample; and comparing the level of IL-33 in the sample to a
reference level of IL-33. The level of IL-33 in the sample as compared to the reference indicates whether the subject
has a cardiovascular disease.

[0006] In another aspect, the invention provides in vitro methods for determining the severity of a cardiovascular
disease in a subject. The methods include determining a level of IL-33 in a sample from a subject, wherein the level of
IL-33 in the sample is indicative of (correlates to) the severity of the cardiovascular disease in the subject. The methods
include determining a level of IL-33 in the sample; and comparing the level of IL-33 in the sample to a reference level
of IL-33. The level of IL-33 in the sample as compared to the reference indicates the severity of the cardiovascular
disease in the subject.

[0007] In some embodiments of the methods described herein, the sample comprises blood, serum or plasma. In
some embodiments, the sample comprises serum.

[0008] The reference level represents alevel in a subject who does not have cardiovascular disease. In some methods,
the reference level represents a level in a subject with a preselected severity of cardiovascular disease.

[0009] In some embodiments of the methods described herein, determining a level of IL-33 in the sample includes
determining a level of one, two, or all three of mature 1L-33, pre-IL-33, and pro-IL-33. Determining a level of IL-33 in the
sample can include contacting a binding composition to the sample, wherein the binding composition specifically binds
to IL-33, and measuring or determining the specific binding of the binding composition to the sample. Suitable binding
compositions include antibodies that bind specifically to IL-33 polypeptide, and oligonucleotide probes that bind specif-
ically to IL-33 polynucleotide.

[0010] Insomeembodiments, the cardiac disease diagnosed by a method described herein is acute coronary syndrome
(ACS), myocardial infarction, heart failure, angina, cardiac hypertrophy, arteriosclerosis, myocarditis, pericarditis, endo-
carditis, stroke, and/or pulmonary embolism.

[0011] In some embodiments, the methods described herein also include determining a level in the sample of one or
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more other biomarkers, e.g., biomarkers selected from the group consisting of ST2, NT-proBNP, BNP, NT-proANP, and
ANP, troponin, IMA, IL-6, CRP, creatinine, D-dimers, BUN, liver function enzymes, albumin, and bacterial endotoxin.
[0012] We alsodescribe herein kits for diagnosing cardiovascular disease. The kits include an antibody that specifically
binds to IL-33, and/or an oligonucleotide probe that specifically binds to a nucleic acid encoding IL-33, and instructions
for use in a method described herein.

[0013] "Upregulated," as used herein, refers to increased expression of a gene and/or its encoded polypeptide. "In-
creased expression" refers to increasing (i.e., to a detectable extend) replication, transcription, and/or translation of IL-
33, since upregulation of any of these processes results in an increase in concentration/amount of the polypeptide
encoded by the gene. Conversely, "downregulation," or "decreased expression" as used herein, refers to reduced
replication, transcription, and/or translation of the IL-33 gene and/or its encoded polypeptide. The upregulation or down-
regulation of gene expression can be directly determined by detecting an increase or decrease, respectively, in the level
of mRNA for the gene, or the level of protein expression of the gene-encoded polypeptide, using any suitable means
known to the art, such as nucleic acid hybridization or antibody detection methods, respectively, and in comparison to
controls. "Expression," as used herein, refers to nucleic acid and/or polypeptide expression.

[0014] A "cardiac cell," as used herein, refers to a cardiomyocyte.

[0015] As used herein, a "subject" is a mammal or a non-human mammal. In general, human nucleic acids, polypep-
tides, and human subjects are preferred for use in diagnosing human patients.

[0016] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Methods and materials are described herein
for use in the present invention; other, suitable methods and materials known in the art can also be used. The materials,
methods, and examples are illustrative only and not intended to be limiting.

[0017] Other features and advantages of the invention will be apparent from the following detailed description and
figures, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1 is a representation of the nucleic acid sequence of human IL-33 (SEQ ID NO:1).
FIG. 2 is a representation of the amino acid sequence of human IL-33 (SEQ ID NO:2).

DETAILED DESCRIPTION

[0019] It has previously been described that levels of the interleukin-1 receptor-like 1 (IL1RL1) protein can be used
to diagnose cardiovascular disease and determine the prognosis for a patient with cardiovascular disease. The ligand
for IL1RL1 has been described, and named IL-33 (see, e.g., Schmitz et al., Immunity 23(5):479-90 (2005); U.S. Pat.
Pub. No. 2005/0203046). The present methods include the measurement of levels of IL- 33 for the diagnosis and prognosis
of cardiovascular disease.

General Methodology

[0020] In general, the methods described herein include evaluating levels of IL-33 in a biological sample (e.g., a blood,
serum, plasma, urine, or body tissue sample) from a subject, e.g., a mammal, e.g., a human. These levels provide
diagnostic information indicating whether the subject has a cardiac disease, as described herein. In some embodiments,
the level of IL-33 is determined once, e.g., at presentation. In some embodiment, the level of IL-33 is determined at any
one or more of 1, 2, 3, 4, 5, 6, 7, 8, 12, 18, and/or 24 hours, and/or at 1-7 days after the onset of symptoms.

[0021] In embodiments where the level of IL-33 is determined more than once, the higher level can be used, or the
change in levels can be determined and used. Levels of IL-33 can be determined multiple times to evaluate a subject’s
response to a treatment. For example, a level of IL-33 taken after administration of a treatment, e.g., one or more doses
or rounds of a treatment, can be compared to levels of IL-33 before the treatment was initiated, e.g., a baseline level.
The change in IL-33 levels would indicate whether the treatment was effective; e.g., a reduction in IL-33 levels would
indicate that the treatment was effective.

[0022] Insomeembodiments, thelevel of IL-33 can be measured in patients previously diagnosed with a cardiovascular
condition who are undergoing treatment on an outpatient basis, to monitor the condition of the patient and determine
whether their condition is improving, stable or deteriorating. Levels of IL-33 can be measured at one or more times and
compared to previous measurements, where an increase in IL-33 relative to an earlier measurement would indicate that
the patient’s condition is deteriorating, suggesting that the current treatment should be adjusted or possibility that the
patient should be admitted to a hospital for inpatient treatment.



10

15

20

25

30

35

40

45

50

55

EP 2 021 799 B1

[0023] Evaluating circulating levels of IL-33 in a subject typically includes obtaining a biological sample, e.g., serum
or blood, from the subject. Levels of IL-33 in the sample can be determined by measuring levels of polypeptide, either
the pre-IL33, prolL-33 or IL-33 peptide, in the sample, using methods known in the art and/or described herein, e.g.,
immunoassys such as enzyme-linked immunosorbent assays (ELISA). Alternatively, levels of IL-33 mRNA can be meas-
ured, again using methods known in the art and/or described herein, e.g., by quantitative PCR or Northern blotting analysis.
[0024] For example, a method as described herein, e.g., for diagnosis or prognosis of cardiac disease, can include
contacting a sample from a subject, e.g., a sample including blood, serum, plasma, urine, or body tissue from the subject,
with a binding composition (e.g., an antibody or oligonucleotide probe) that specifically binds to a polypeptide or nucleic
acid of IL-33. The methods can also include contacting a sample from a control subject, normal subject, or normal tissue
or fluid from the test subject, with the binding composition, e.g., to provide a reference or control. Moreover the method
can additionally include comparing the specific binding of the composition to the test subject with the specific binding of
the composition to the normal subject, control subject, or normal tissue or fluid from the test subject. Expression or
activity of IL-33 in a test sample or test subject can also be compared with that in a control sample or control subject. A
control sample can include, e.g., a sample from a non-affected subject, or it subject who has a cardiac disease of known
seventy. Expression or activity from a control subject or control sample can be provided as a predetermined value, e.g.,
acquired from a statistically appropriate group of control subjects.

[0025] An antibody that "binds specifically to" an antigen, binds preferentially to the antigen in a sample containing
other proteins. The term "antibody" as used herein refers to an immunoglobulin molecule or immunologically active
portion thereof, i.e., an antigen-binding portion. Examples of immununologically active portions of immunoglobulin mol-
ecules include F(ab) and F(ab’), fragments which can be generated by treating the antibody with an enzyme such as
pepsin. The antibody can be polyclonal, monoclonal, recombinant, e.g., a chimeric or humanized, fully human, non-
human, e.g., murine, monospecific, or single chain antibody. In some embodiments it has effector function and can fix
complement.

[0026] An "oligonucleotide probe" (also referred to simply as a "probe") is a nucleic acid that is at least 10, and less
than 200 (typically less than about 100 or 50) base pairs in length. A probe that "binds specifically to" a target nucleic
acid hybridizes to the target under high stringency conditions. As used herein, the term "hybridizes under high stringency
conditions" describes conditions for hybridization and washing. As used herein, high stringency conditions are 0.5M
sodium phosphate, 7% SDS at 65°C, followed by one or more washes at 0.2X SSC, 1% SDS at 65°C. Methods for
performing nucleic acid hybridization assays are known to those skilled in the art and can be found in Current Protocols
in Molcular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6.

[0027] Detection can be facilitated by coupling (e.g., physically linking) the antibody or probe to a detectable substance
(e.g., antibody labeling). Examples of detectable substances include various enzymes, prosthetic groups, fluorescent
materials, luminescent materials, bioluminescent materials, and radioactive materials. Examples of suitable enzymes
include horseradish peroxidase, alkaline phophatase, B-galactosidase, or acetylcholinesterase; examples of suitable
prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials in-
clude umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansy! chlo-
ride, quantum dots, or phycoerythrin; an example of a luminescent material includes luminol; examples of bioluminescent
materials include luciferase, luciferin, and aequerin, and examples of suitble radioactive material include 1251, 131], 355
or 3H.

[0028] Diagnostic assays can be used with biological matrices such as live cells, cell extracts, cell lysates, fixed cells,
cell cultures, bodily fluids, or forensic samples. Conjugated antibodies useful for diagnostic or kit purposes, include
antibodies coupled to dyes, isotopes, enzymes, and metals, see, e.g., Le Doussal et al., New Engl. J. Med. 146:169-175
(1991); Gibellini et al., J. Immunol. 160:3891-3898 (1998); Hsing and Bishop, Now Engl. J. Med. 162:2804-2811 (1999);
and Everts et al.,, New Engl. J. Med. 168:883-889 (2002). Various assay formats exist, such as radioimmunosssays
(RIA), ELISA, and lab on a chip (U.S. Pat. Nos. 6,176,962 and 6,517,234).

[0029] Known techniques in biochemistry and molecular biology can be used in the methods described herein (see,
e.g., Maniatis et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. (1982); Sambrook and Russell, Molecular Cloning, 3rd ed., Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. (2001); Wu, Recombinant DNA, Vol. 217, Academic Press, San Diego, Calif (1993); and Ausbel et al.,
Current Photocols in Molecular Biology, Vols. 1-4, John Wiley and Sons, Inc. New York, N.Y. (2001)).

[0030] Once alevel of IL-33 has been determined, the level is compared to a reference level. In some embodiments,
e.g., where the level of IL-33 is determined using an ELISA, the reference level will represent a threshold level, above
which the subject can be diagnosed with cardiac disease. The reference level chosen may depend on the methodology
used to measure the levels of IL-33.

[0031] In some embodiments, the level of IL-33 is used to determine the level of severity of cardiac disease in a
subject. The level of IL-33 typically increases with the severity of the cardiac disease, therefore, higher levels indicate
more severe disease. Thus, the reference levels can represent levels of IL-33 in subjects with cardiac disease of known
severity.
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[0032] In some embodiments, the reference level is a range of levels.

[0033] In some embodiments, both levels of Interleukin 1 Receptor-Like 1 (IL1RL1) and IL-33 are determined, and
the information from the comparison of both biomarkers with their respective reference levels provides cumulative
information regarding the presence of cardiac disease in the subject, and/or the presence of a severe disease in the
subject. In some embodiments, the ratio of ILIRL1 to IL-33 may be determined, and the ratio compared to a reference
ratio that represents a threshold ratio above which the subject has cardiac disease.

[0034] Also described herein are kits that include a reagent for the detection of one or more of the IL-33 polypeptide
(s) or nucleic acid, e.g., an anti-IL-33 antibody (i.e., an antibody that binds specifically to IL-33), or a nucleic acid probe
complementary to all or part of the IL-33 nucleic acid, and instructions for use.

Interleukin-33 (IL-33)

[0035] IL-33 was recently identified as the ligand for IL1RL1, and the presence of increased levels of IL-33 in various
inflammatory disorders has been described (see Schmitz et al., Immunity 23(5):479-90 (2005); U.S. Pat. Pub. No.
2005/0203046).

[0036] IL-33 protein is expressed as an inactive molecule, pre-IL-33, that is activated after cleavage by Caspase |
resulting in the active IL-33 peptide as well as the cleavage peptide product, pro-IL-33. Therefore, the methods described
herein can includes measuring, one, two, or all three of mature IL-33, pro-IL-13, and/or pro-IL-33, all of which are included
in the term "IL-33" as used herein.

[0037] The nucleic acid sequence of human IL-33 can be found at GenBank Acc. No. NM_033439.2 (Figure 1, SEQ
ID NO:1), and the polypeptide sequence is at GenBank Acc. No. NP_254274 (Figure 2, SEQ ID NO:2). Additional
information is available in the public databases at GenelD: 90865, MIM ID # *608678, and UniGene No. Hs.348390. IL-
33is also known as Chromosome 9 Open Reading Frame 26 (C9ORP26); Nuclear Factor from High Endothelial Venules
(NFHEV); and Interleukin 33. See also Baekkevold et al., Am. J. Path. 163: 69-79 (2003).

[0038] Methods for measuring levels of IL-33 polypeptide and nucleic acid are known in the art, see, e.g., Schmitz et
al., Immunity 23(5):479-90 (2005); U.S. Pat. Pub. No. 2005/0203046,

Interleukin 1 Receptor-like 1 (IL1RL1)

[0039] In the methods described herein, IL1 RL1 can be measured in addition to IL-33. The ratio of IL1 RL1 to IL-33
can also be determined. The IL1 RL1 gene is a member of the interleukin-1 receptor family, whose protein product exists
both as a trans-membrane from, as well as a soluble receptor that is detectable in serum (Kieser et al., FEBS Lett. 372
(2-3): 189-93 (1995); Kumar et al., J. Biol. Chem. 270(46):27905-13 (1993); Yanagisawa et al., FEBS Lett. 302(1):51-3
(1992); Kuroiwa et al., Hybridoma 19(2):151-9 (2000)). ST2 was recently described to be markedly up-regulated in an
experimental model of heart failure (Weinberg et al., Circulation 106(23):2961-6 (2002)), and preliminary results suggest
that ST2 concentration may be elevated in those with chronic severe HF (Weinherg et al., Circulation 107(5):721-6
(2003)) as well as in those with acute myocardial infarction (MI) (Shimpo et al., Circulation 109(18):2186-90 (2004)).
[0040] The transmembrane form of IL1RL1 is thought to play a role in modulating responses of T helper type 2 cells
(Lohning et al., Proc. Natl. Acad. Sei. U. S. A. 95(12):6930-5 (1998); Schmitz et al., Immunity 23(5):479-90 (2005)), and
may play a role in development of tolerance in states of seven or chronic inflammation (Brint et al., Nat, Immunol. 5(4):
373-9 (2004)), while the soluble form of IL1RL1 is up-regulated in growth stimulated fibroblasts (Yanagisawa et al., 1992,
supra). Experimental data suggest that the IL1RL1 gene is markedly up-regulated in states of myocyte stretch (Weinberg
et al., 2002, supra) in a manner analogous to the induction of the BNP gene (Bruneau et al., Cardiovasc. Res. 28(10):
1519-25 (1994)).

[0041] Tominaga, FEBS Lett. 258:301-304 (1989), isolated murine genes that were specifically expressed by growth
stimulation in BALB/c-3T3 cells; they termed one of these genes St2 (for Growth Stimulation-Expressed Gene 2). The
St2 gene encodes two protein products: ST2, which is a soluble secreted form; and ST2L, a transmembrane receptor
form that is very similar to the interleukin- 1 receptors. The HUGO Nomenclature Committee designated the human
homolog, the cloning of which was described in Torminaga et al., Biochim. Biophys. Acta 1171:215-218 (1992), as
Interleukin 1 Receptor-Like 1 (IL1RL1). The two terms are used interchangeably herein.

[0042] The mRNA sequence of the shorter, soluble isoform of human ST2 can be found at GenBank Acc, No. NM_
003856.2, and the polypeptide sequence is at GenBank Acc. No. NP_003847.2; the mRNA sequence for the longer
form of human ST2 is at GenBank Acc. No. NM_016232.4; the polypeptide sequence is at GenBank Acc. No. NP_
057316.3. Additional information is available in the public databases at GenelD: 9173, MIM ID # 601203, and UniGene
No. Hs.66. In general, in the methods described herein, the soluble form of ST2 polypeptide is measured.

[0043] Methods for detecting and measuring ST2 are known in the art, e.g., as described in U.S. Pat. Pub. Nos.
2003/0124624, 2004/0048286 and 2005/0130136. Kits for measuring ST2 polypeptide are also commercially available,
e.g., the ST2 ELISA Kit manufactured by Medical & Biological Laboratories Co., Ltd. (MBL International Corp., Woburn,
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MA), no. 7638. In addition, devices for measuring ST2 and other biomarkers are described in U.S. Pat. Pub. No.
2005/0250156.

[0044] In some embodiment, the methods include determining the identity of the nucleotide sequence at RefSNP ID:
rs1041973.

Other Biomarkers

[0045] The methods described herein can also include measuring levels of other biomarkers in addition to I1L-33.
Suitable biomarkers include NT-proBNP, BNP, NT-proANP, and ANP troponio, GK-MB, Myo, IMA, IL-6, CRP, creatinine;
D-dimers, and/or BUN,. Methods for measuring these biomarkers are known in the art, see, e.g., U.S. Pat. Pub. Nos.
2004/0048286 and 2005/0130136 to Lee et al.; Dhalla et al., Mol. Cell Biochem. 87:85-92 (1989); Moe et al., Am: Heart
J. 139:587-95 (2000).

[0046] Inthese embodiments,levels of IL-33 and one or more additional biomarkers are determined, and the information
from the comparison of the biomarkers with their respective reference levels provides additional information regarding
the presence of cardiovascular disease in the subject, and/or the level of severity of the disease in the subject.

Cardiovascular Disease

[0047] The methods described herein are useful in the diagnosis and prognosis of subjects with cardiovascular disease,
e.g., MI, ACS, CAD, HF and/or stroke. In subjects with cardiovascular disease, a diagnosis is often made, and the extent
of any cardiac tissue damage determined, using one or more of the following methods: electrocardiogram (ECG) - single
or repeated over several hours; echocardiography; coronary angiography; nuclear ventriculography (e.g., radionuclide
ventriculography (RNV) or multiple gate acquisition scan (MUGA)).

[0048] In addition, some biomarkers have proven to be by-products of heart damage or in conjunction with coronary
artery disease (CAD), and therefore-useful for diagnosis of cardiac disease. These biomarkers include Troponin | (TnT)
and troponin T (TnT); creatine phosphokinase (CPK) and CPK-MB; ischemia modified albumin (TMA) and serum my-
oglobin. The present invention provides additional methods of diagnosing cardiovascular disease, and prognostic meth-
ods for determining the severity of disease in a subject. Thus, the methods described herein can include determining
IL-33 levels as part of a diagnostic effort, e.g., to determine whether a subject has cardiovascular disease and/orcan
include determining IL-33 levels in a subject for whom a diagnosis of cardiovascular disease has already been made,
e.g., to determine the severity of the disease.

[0049] Risk factors for cardiovascular disease include smoking, hypertension, high fat diet, poor blood cholesterol
levels, especially high LDL ("bad") cholesterol and low HDL ("good") cholesterol, diabetes, male gender, age, heredity,
and being overweight/obese. Biomarkers for increased risk include elevated homocysteine, C-reactive protein, and
fibrinogen levels.

Myocardial Infarction (M1)

[0050] A myocardial infarction (MI) occurs when an area of heart muscle becomes necrotic (dies) or is permanently
damaged because of an madequate supply of oxygen to that area (ischemia). Most heart attacks are caused by a clot
that blocks one of the coronary aneries, Clots usually form in a coronary artery that has been previously narrowed from
changes related to atherosclerosis; atherosclerotic plaque (buildup) inside the arterial wall sometimes cracks, and this
triggers the formation of a clot, also called a thrombus.

[0051] A clot in the coronary artery interrupts the flow of blood and oxygen to the heart muscic, resulting in ischemia
of the tissue leading to the death of heart cells in that area (necrosis). The damaged heart muscle loses its ability to
contract, and the remaining heart muscle needs to compensate for that weakened area

Acute Coronary Syndrome (ACS)

[0052] ACS s aterm thatis used to cover any group of clinical symptoms associated with acute myocardial ischemia.
Patients with ACS include those whose clinical presentations the following range of diagnoses: unstable angina, non-
ST-elevation myocardial infarction (NSTEMI), and ST-elevation myocardial infarction (STEMI). Myocardial ischemia is
most often due to atherosclerotic piques, as described above for MI.

Heart Failure (HF)

[0053] Heart failure is a pathophysiologic state in which the heart, via an abnormality of cardiac function (detectable
or not), fails to pump blood at a rate commensurate with the requirements of the metabolizing tissues, and/or pumps
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only from an elevated diastolic filling pressure.

[0054] Heart failure may be causal by myocardial failure but may also occur in the preserve of near-normal cardiac
function under conditions of high demand, e.qg., stress, Inadequate adaptation of the cardiac myocytes to increased wall
stress to maintain adequate cardiac output following myocardial injury, is generally the meting event in CHF. HF may
have an acute onset or may occur over several months to years, due to a primary disturbance in myocardial contractility
or an excesssive hemodynamic burden placed on the ventricle, or both.

Special Populations

[0055] Certain populations of may benefit particularly from the methods described herein. These subjects include
people for whom BNP or NT-proBNP is less useful, such as in those with impaired renal function (Anwaruddin et al., J.
Am. Coll. Cardiol. 47(1):91-7 (2006); McCullough et al., Am. J. Kidney Dis. 41 (3):571-9 (2003)), or in those who are
overweight (Body Mass Index (BMI) of 25-29) or obese (BMI > 30) (Krauser et al., Am. Heart J. 149(4):744-50 (2005);
McCord et at, Arch. Intern. Med. 164(20):2247-52 (2004)). It is known and accepted in the field that patients with a high
BMI usually have levels of natriuretic peptide that are lower than expected relative to a normal body mass patient for
the same level of disease; the exact mechanism for this phenomerion is not known. IL-33 levels may not be affected by
renal failure or high BMI. The methods described herein can include determining a subject’s BMI, and if the subject is
overweight or obese, selecting the patient for determination of IL-33 levels, as described herein.

EXAMPLES

[0056] The invention is further described in the following examples, which do not limit the scope of the invention
described in the claims.

Example 1: Detection and Measurement of IL-33 in the Serum

[0057] A blood sample is collected from a subject, and serum is prepared from the sample using standard methods.
A labeled monoclonal antibody to IL-33 (e.g., as described U.S. Pat. App. Pub. No. 2005/0203046, incorporated herein
by reference in its entirety) in is added to the sample and incubated for a sufficient amount of time for binding to occur.
The antibody/IL-33 complexes are then detected using standard methods, and the amount of IL-33 present is quantified.
OTHER EMBODIMENTS
[0058] Itis to be understood that while the invention has been described in with the detailed description thereof, the
foregoing description is intended to illustrate and not limit the scope of the invention, which is defined by the scope of
the appended claims. Other aspects, advantages, and modifications are within the scope of the following claims.
SEQUENCE LISTING
[0059]

<110> Critical Care Dagnostics, Inc.

<120> INTERLEUKIN-33 (IL- 33) FOR THE DIAGNOSIS AND PROGNOSIS OF CARDIOVASCULAR DISEASE

<130> 20060- 004WO1

<140> PCT/ US2007/ 067626<141>2007- 04- 27

<150> US 60/795,473<151> 2006-04-27

<160> 2

<170> Fast SEQ for Windows Version 4.0

<210> 1

<211> 2644
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<213> Homo sapiens

<400> 1

caacagaata
caaagt ggaa
aggccaaaga
aggaggcect g
agcacaaaag
cctttggtat
gaatttcacc
cttttgettt
agaaagat aa
acggtgttga
at gccaacaa
aggccttctt
at cct ggagt
ctgagaattt
cctgtgagtc
aaagagacag
atattatgta
aact gcat ct
acattctaaa
tcatatttag
ggatccattt
aaacact aga
act ggaat aa
ccttactgtc
gt gt gaaaaa
aat aacttca
gcaaggcatt
att aggaat a
gttttagagc
acctaccaga
ctcatgtcca
tact cact gt
ttttgtattc
tettttcatt
tttctgtatc
tt{ttagataa
act agggcaa
agtttttatt
gat aaat gac
acttttacat
aaaagaggct
tcattgttct

ctgaaaaatg
gaacacagca
agtttgcccc
ttactttagg
acatctggta
at caggggt c
tattacagag
ggaggat gaa
ggtgttactg
t ggt aagatg
caaggaacac
tgtccttcat
gttt at aggt
gt gt actgaa
ttgggttgag
gtgacatcta
t aaaaat att
t caat acaag
gagat acagt
agct aaggcc
t aaagagct a
gctgctagta
aacaccaggt
aggggatatg
gt aaagat aa
tttctaattg
cttacacgag
t gt aacatgc
at ccaagt ac
gcct agatga
t ggcct acca
cacat t gggc
cagcttcctg
tcttttaact
acctgacctc
agct at t aat
t aaaatttat
ttaaagtctt
t aacatagta
ttctacttta
gagaattacc
gtcaataatt

cccatctgaa aaacact aat
tt aaat aatc aaat atatct

at gt

<210> 2
<211> 270
<212> PRT

<213> Homo sapiens

<400> 2
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aagcct aaaa
agcaaagcct
atgtacttta
agagaaacca
ct cgct gect
cagaaatata
tatcttgcett
agttatgaga
agttactatg
ttaat ggtaa
tct gt ggagc
aat at gcact
gt aaaggat a
aatatcttgt
tacccaaatg
agggaaat ga
ttttctaatc
tatcagtata
ctgaccttta
act gaggaaa
ct t agagaaa
aaaagaagac
ttgtttgtag
gaacttcaaa
ct aaaaaatt
tttaattttt
gaagt gaagt
taaaactttt
cat at aatcc
gacaccgaat
tccecttctga
aaagttgctt
at aacactgc
accat gccct
tggatgccaa
ggcaatattt
act caaccat
agcaatttct
acagaatctt
ttgagaccta
at acaagggt
gttaccaaag

tattgacatg
act acatt gt

tgaagtattc
tgtgtttcaa
t gaagct ccg
ccaaaaggcc
gt caacagca
ct agagcact
ct ct aagcac
tatatgttga
agt ct caaca
ccctgagtcc
tccataagtg
ccaact gt gt
atcatcttgc
ttaagctctc
ct accactgg
agagtgctta
ctccagttat
tt aaat aggg
cttttctcta
gagccat agc
taattttcca
cagatgcttc
atgtcttagg
ggcccacatg
t agaaaaat a
aaaattctga
aaattttagt
ttttttttaa
aactatcatg
t aacattaaa
ccctggcettc
ctaatcctta
ttactgtgga
tgat at at ct
aacgtttatt
ttttgctaaa
at aat aacat
attacaactt
t at gaaat at
ttagatgtaa
attacaactg
agat aaaaat

aaccaacaaa
gct gggaaaa
ctctggectt
ttcact gaaa
gtctactgtg
tcatgattca
at acaat gat
agacttgaaa
cccct caaat
t acaaaagac
t gaaaaacca
ttcatttgaa
tctgattaaa
t gaaactt ag

agaaggaatg’

gcatgtgtgg
tcttttattt
t att ggt aaa
gtttcagtcc
ttaagtctct
cagttccaaa
acagaatt at
caacactcag
gcaagccagg
aat ccagt at
tttttatata
t cagacat aa
agagt act ga
gt aaggccag
atttcagtaa
cagggaccta
tttcccatgt
atattcattt
tttgcacctg
ctgetttgtce
cgtttttgtt
tttttaacta
ttcttagact
gaccttttct
gtgctagtag
t aaaacaatt
aaaagcagaa

caataaactt

atttccacag
t cccaacaga
at gat aaaaa
acaggt agaa
gagtgctttg
agt at cacag
caatccatta
aaagat gaaa
gaat caggtg
ttctggttge
ct gccagacc
t gcaagactg
gt agactctt
tt gat ggaaa
agagat aaag
aatgttttcc
ccctct gt at
gaaacggt ca
agaaagaact
at gt agacag
cgat aggctc
cattttttca
agcagatctc
t aacat aaat
ttgtaaagtg
ttgagtttaa
aatttcactt
gt cacaacat
aaatcttcta
ctgactgtcc
tgtcttttaa
gcacaagt ct
gacatctgtc.
ctgaacttca
tgttgtagaa
ttttactgtc
ct aaaggagt
t aacacttat
gaaaat acat
aat at aagat
tatctttgtt
t gt at at cat

aaaatgatta

gaataaagta tattttccaa

60
120
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240
300
360
420
480
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600
660
720
780
840
900
960
1020
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1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520

2580
2640
2644
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Met Lys Pro Lys l\/gt Lys Tyr Ser Thr %n Lys Ile Ser Thr ,;\Isa Lys
1 .
Trp Lys Asn ggr Ala Ser Lys Al a Iégu Cys Phe Lys Leu 3Goy Lys Ser
Gn dn I§%S Ala Lys du Val %s Pro Met Tyr Phe Z/gt Lys Leu Arg
Ser Ay Leu Met. |l e Lys Iéysls Au Ala Cys Tyr gge Arg Arg Gu Thr
50
Thr Lys Arg Pro Ser Leu Lys Thr Gy Arg Lys His Lys Arg His Leu
65 70 75 80
Val Leu Ala Ala Cys G n An An Ser Thr Val Gu Cys Phe g\lsa Phe
85 90
Ay lle Ser Gy Val dn Lys Tyr Thr Arg Ala Leu His Asp Ser Ser
100 105 110
{le Thr Gy lle Ser Pro Ite Thr Gu Tyr Leu Ala Ser Leu Ser Thr
‘ 115 120 125 ‘
Tyr Asn Asp G n Ser Ite Thr Phe Ala Leu Gu Asp Qu Ser Tyr GQu
130 135 140 .
Ite Tyr Val G u Asp Leu Lys Lys Asp Qu Lys Lys Asp Lys Val Leu
145 150 155 160
Leu Ser Tyr Tyr Qu Ser Gn Hs Pro Ser Asn Gu Ser Gy Asp Ay
165 170 175
Val Asp Gy Lys Met Leu Met Val Thr Leu Ser Pro Thr Lys Asp Phe
180 185 190
Trp Leu His Ala Asn Asn Lys Gu His Ser Val Qu Leu H s Lys Cys
195 200 205
Qu Lys Pro Leu Pro Asp A n Ala Phe Phe Val Leu Hs Asn Mt H s
210 215 220
Ser Asn Cys Val Ser Phe Gu Cys Lys Thr Asp Pro Ay Val Phe lle
225 230 235 240
Gy Val Lys Asp Asn His Leu Ala Leu {le Lys Val Asp Ser Ser Gu
245 250 255
Asn Leu Cys Thr G u Asn |le Leu Phe Lys Leu Ser G u Thr
260 265 270

Claims

1.

An in vitro method of aiding in the diagnosis of a cardiovascular disease in a subject, the method comprising
determining a level of IL-33 in a sample comprising blood, serum or plasma from a subject, wherein the level of IL-
33 in the sample is indicative of whether the subject has a cardiovascular disease and further comprising comparing
the level of IL-33 in the sample to a reference level, wherein the reference level represents a level in a subject who
has or does not have cardiovascular disease.

Anin vitro method of aiding in determining the severity of a cardiovascular disease in a subject, the method comprising
determining a level of IL-33 in a sample comprising blood, serum or plasma from a subject, wherein the level of IL-
33 in the sample is indicative of the severity of the cardiovascular disease in the subject and further comprising
comparing the level of IL-33 in the sample to a reference level, wherein the reference level represents a level in a
subject with a preselected severity of cardiovascular disease.

The method of claim 1 or 2, wherein determining a level of IL-33 in the sample comprises determining a level of
one, two, or all three of mature IL-33, pre-IL-33, and pro-IL-33

The method of claim 1 or 2, wherein determining a level of IL-33 in the sample comprises contacting a binding
composition to the sample, wherein the binding composition specifically binds to IL-33, and measuring or determining
the specific binding of the binding composition to the sample.

The method of claim 4, wherein the binding composition comprises an antibody that binds specifically to IL-33
polypeptide.

The method of claim 5, wherein the binding composition comprises an oligonucleotide probe that binds specifically
to IL-33 polynucleotide.
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The method of claim 1 or 2, wherein the cardiovascular disease is acute coronary syndrome (ACS), myocardial
infarction, heart failure, angina, cardiac hypertrophy, arteriosclerosis, myocarditis, pericarditis, endocarditis, stroke
and/or pulmonary embolism.

The method of claim 1 or 2, further comprising determining a level in the sample of one or more other biomarkers.

The method of claim 8, wherein the other biomarkers are selected from the group casting of ST2, NT-proBNP, BNP,
NT-proANP, and ANP, troponin, IMA, IL-6, CRP, creatinine, D-dimers, BUN, liver function enzymes, albumin. and
bacterial endotoxin.

A method of monitoring the condition of a subject previously diagnosed with a cardiovascular condition, the method
comprising:

determining a first level of IL-33 in a sample comprising blood, serum or plasma from a subject;
determining at least one subsequent level of IL-33 in a sample comprising blood, serum or plasma from the
subject; and

comparing the level of IL-33 in the subsequent sample to the level of IL-33 in the first sample, wherein a difference
in the IL-33 level in the subsequent sample relative to the level in the first sample is correlated with a change in the
patient’s condition.

The method of claim 10, wherein the subject is undergoing treatment on an outpatient basis.

The method of claim 10, wherein an increase in IL-33 in the subsequent sample relative to the level m the first
sample indicates that the patient’s condition is deteriorating.

The method of claim 12, wherein an increase in IL-33 in the subsequent sample relative to the level in the first
sample indicates that the current treatment should be adjusted.

The method of claim 12, wherein an increase in IL-33 in the subsequent sample relative to the level in the first
sample indicates that the patient should be admitted to a hospital for inpatient treatment.

Patentanspriiche

1.

In vitro-Verfahren zum Unterstiitzen des Diagnostizierens einer kardiovaskularen Erkrankung bei einem Subjekt,
wobei das Verfahren das Bestimmen eines IL-33-Spiegels in einer Probe, die Blut, Serum oder Plasma von einem
Subjekt umfasst, wobei der IL-33-Spiegel in der Probe dafiir indikativ ist, ob das Subjekt an einer kardiovaskularen
Krankheit leidet, und des Weiteren das Vergleichen des IL-33-Spiegels in der Probe mit einem Bezugsspiegel
umfasst, wobei der Bezugsspiegel einen Spiegel bei einem Subjet darstellt, das an einer kardiovaskularen Krankheit
leidet oder nicht.

In vitro-Verfahren zum Unterstlitzen des Bestimmens der Schwere einer kardiovaskularen Erkrankung bei einem
Subjekt, wobei das Verfahren das Bestimmen eines IL-33-Spiegels in einer Probe, die Blut, Serum oder Plasma
von einem Subjekt umfasst, wobei der IL-33-Spiegel in der Probe fiir die Schwere der kardiovaskularen Krankheit
bei dem Subjekt indikativ ist und des Weiteren das Vergleichen des IL-33-Spiegels in der Probe mit einem Bezugs-
spiegel umfasst, wobei der Bezugsspiegel einen Spiegel bei einem Subjekt darstellt, das an einer vorher gewahlten
Schwere einer kardiovaskularen Krankheit leidet.

Verfahren nach Anspruch 1 oder 2, wobei das Bestimmen eines IL-33-Spiegels in der Probe das Bestimmen eines
Spiegels von einem, zwei oder allen drei von reifem IL-33, Pra-IL-33 und Pro-IL-33 umfasst.

Verfahren nach Anspruch 1 oder 2, wobei das Bestimmen eines IL-33-Spiegels in der Probe das Kontaktieren einer
Bindungszusammensetzung mit der Probe, wobei die Bindungszusammensetzung sich spezifisch an IL-33 bindet,

und das Messen oder Bestimmen der spezifischen Bindung der Bindungszusammensetzung an die Probe umfasst.

Verfahren nach Anspruch 4, wobei die Bindungszusammensetzung einen Antikorper umfasst, der sich spezifisch
an IL-33-Polypeptid bindet.

10
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Verfahren nach Anspruch 5, wobei die Bindungszusammensetzung eine Oligonucleotidsonde umfasst, die sich
spezifisch an IL-33-Polynucleotid bindet.

Verfahren nach Anspruch 1 oder 2, wobei die kardiovaskulare Krankheit das akute Koronarsyndrom (ACS), Herz-
infarkt, Herzversagen, Angina, Herzhypertrophie, Arteriosklerose, Myokarditis, Perikarditis, Endokarditis, Schlag-
anfall und/oder Lungenembolie ist.

Verfahren nach Anspruch 1 oder 2, des Weiteren das Bestimmen eines Spiegels in der Probe eines oder mehrerer
anderer Biomarker umfassend.

Verfahren nach Anspruch 8, wobei die anderen Biomarker aus der Gruppe ausgewahlt sind bestehend aus ST2,
NT-proBNP, BNP, NT-proANP und ANP, Troponin, IMA, IL-6, CRP, Creatinin, D-Dimeren, BUN, Leberfunktions-
enzymen, Albumin und Bakterienendotoxin.

Verfahren zum Uberwachen des Zustands eines Subjekts, das zuvor als an einer kardiovaskuldren Beschwerde
leidend diagnostiziert worden ist, wobei das Verfahren folgendes umfasst:

das Bestimmen eines ersten IL-33-Spiegels in einer Probe, die Blut, Serum oder Plasma von einem Subjekt
umfasst;

das Bestimmen mindestens eines darauffolgenden IL-33-Spiegels in einer Probe, die Blut, Serum oder Plasma
von einem Subjekt umfasst; und

das Vergleichen des IL-33-Spiegels in der darauffolgenden Probe mit dem IL-33-Spiegel in der ersten Probe,
wobei ein Unterschied des IL-33-Spiegels in der darauffolgenden Probe mit Bezug auf den Spiegel in der ersten
Probe mit einer Anderung des Zustands der Patienten korreliert.

Verfahren nach Anspruch 10, wobei das Subjekt eine Behandlung auf ambulanter Basis erfahrt.

Verfahren nach Anspruch 10, wobei eine Erhdhung von IL-33 in der darauffolgenden Probe mit Bezug auf den
Spiegel in der ersten Probe anzeigt, dass der Zustand des Patienten sich verschlechtert.

Verfahren nach Anspruch 12, wobei eine Erhéhung von IL-33 in der darauffolgenden Probe mit Bezug auf den
Spiegel in der ersten Probe anzeigt, dass die gegenwartige Behandlung angepasst werden sollte.

Verfahren nach Anspruch 12, wobei eine Erhéhung von IL-33 in der darauffolgenden Probe mit Bezug auf den
Spiegel in der ersten Probe anzeigt, dass der Patient zur stationaren Behandlung in ein Krankenhaus aufgenommen
werden sollte.

Revendications

Procédé in vitro pour faciliter le diagnostic d’'une maladie cardio-vasculaire chez un sujet, le procédé comprenant
la détermination d’un taux d’IL-33 dans un échantillon comprenant du sang, du sérum ou du plasma d’un sujet, dans
lequel le taux d’IL-33 dans I'échantillon indique si le sujet a une maladie cardio-vasculaire, et comprenant en outre
la comparaison du taux d’IL-33 dans I'échantillon avec un taux de référence, dans lequel le taux de référence
représente un taux chez un sujet qui a ou n'a pas une maladie cardio-vasculaire.

Procédé in vitro pour faciliter la détermination de la sévérité d’'une maladie cardio-vasculaire chez un sujet, le procédé
comprenant la détermination d’'un taux d’IL-33 dans un échantillon comprenant du sang, du sérum ou du plasma
d’'un sujet, dans lequel le taux d’IL-33 dans I'’échantillon est indicatif de la sévérité de la maladie cardio-vasculaire
chez le sujet, et comprenant en outre la comparaison du taux d’IL-33 dans I'échantillon avec un taux de référence,
dans lequel le taux de référence représente un taux chez un sujet ayant une sévérité présélectionnée de maladie
cardio-vasculaire.

Procédé selon la revendication 1 ou 2, dans lequel la détermination d’un taux d’IL-33 dans I'’échantillon comprend
la détermination d’un taux d’'une, de deux ou de toutes les trois parmi IL-33 mature, pré-IL-33 et pro-IL-33.

Procédé selon la revendication 1 ou 2, dans lequel la détermination d’'un taux d’IL-33 dans I'échantillon comprend
la mise en contact d’'une composition de liaison avec I'échantillon, dans lequel la composition de liaison se lie
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spécifiquement a IL-33, et la mesure ou la détermination de la liaison spécifique de la composition de liaison a
I’échantillon.

Procédé selon la revendication 4, dans lequel la composition de liaison comprend un anticorps qui se lie spécifi-
quement au polypeptide IL-33.

Procédé selon la revendication 5, dans lequel la composition de liaison comprend une sonde oligonucléotidique qui
se lie spécifiquement au polynucléotide IL-33.

Procédé selon la revendication 1 ou 2, dans lequel la maladie cardio-vasculaire est un syndrome coronaire aigu
(SCA), un infarctus du myocarde, une défaillance cardiaque, une angine de poitrine, une hypertrophie cardiaque,
une artériosclérose, une myocardite, une péricardite, une endocardite, une attaque et/ou une embolie pulmonaire.

Procédé selon la revendication 1 ou 2, comprenant en outre la détermination d’'un taux d’un ou plusieurs autres
biomarqueurs dans I'échantillon.

Procédé selon la revendication 8, dans lequel les autres biomarqueurs sont choisis dans le groupe constitué par
ST2, NT-proBNP, BNP, NT-proANP et ANP, troponine, IMA, IL-6, CRP, créatinine, D-dimeres, BUN, enzymes de
la fonction hépatique, albumine et endotoxine bactérienne.

Procédé pour suivre I'affection d’'un patient préalablement diagnostiqué avec une affection cardio-vasculaire, le
procédé comprenant:

la détermination d’un premier taux d’'IL-33 dans un échantillon comprenant du sang, du sérum ou du plasma
d’un sujet;

la détermination d’au moins un taux subséquent d’IL-33 dans un échantillon comprenant du sang, du sérum
ou du plasma du sujet; et

la comparaison du taux d’IL-33 dans I'échantillon subséquent avec le taux d’IL-33 dans le premier échantillon,
dans lequel une différence entre le taux d’'IL-33 dans I'échantillon subséquent et le taux dans le premier échan-
tillon est corrélée avec un changement de I'affection du patient.

Procédé selon la revendication 10, dans lequel le sujet subit un traitement de fagon ambulatoire.

Procédé selon la revendication 10, dans lequel une augmentation d’IL-33 dans I'’échantillon subséquent par rapport
au taux dans le premier échantillon indique que I'affection du patient se détériore.

Procédé selon la revendication 12, dans lequel une augmentation d’IL-33 dans I'échantillon subséquent par rapport
au taux dans le premier échantillon indique que le traitement en cours devrait étre ajusté.

Procédé selon la revendication 12, dans lequel une augmentation d’IL-33 dans I'’échantillon subséquent par rapport

au taux dans le premier échantillon indique que le patient devrait étre admis dans un hépital pour un traitement
avec hospitalisation.
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