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Description

Background and Summary

BACKGROUND OF THE INVENTION

A. Field of the Invention

[0001] The present invention relates generally to a new cluster of correlating molecules in a tissue or at least one cell
of a tissue for instance a cell of a blood tissue, preferably such myeloid cells and of identifying the condition of the genes
expression said correlating molecules or of the expression levels of said molecules in a method or system for identifying
the risk of obesity-related metabolic syndrome disorder phenotype characterized by dyslipidemia, hypertension, glucose
intolerance, insulin resistance and diabetes, lipid homeostasis disorders and/or cardiovascular diseases This system of
method provides information on how to modulate the correlating molecules to treat or prevent obesity and to treat or
prevent the obesity-related metabolic syndrome disorders.
[0002] Several documents are cited throughout the text of this specification. However, there is no admission that any
document cited is indeed prior art of the present invention.

B. Description of the Related Art

[0003] Currently more than 1 billion adults are overweight-and at least 300 million of them are clinically obese. This
suggests the role of relatively modem environmental or behavioral risk factors such as high caloric intake or sedentary
lifestyle.
[0004] The epidemic of obesity is a global health issue across all age groups, especially in industrialized countries
(American Obesity Association, 2006). According to WHO’s estimate there are more than 300 million obese people
(BMI>30) world-wide. Today, for example almost 65% of adult Americans (about 127 million) are categorized as being
overweight or obese. There is also evidence that obesity is increasing problem among children, for example in the USA,
the percentage of overweight children (aged 5-14 years) has doubled in the last 30 years, from 15% to 32%. The degree
of health impairment of obesity is determined by three factors: 1) the amount of fat 2) the distribution of fat and 3) the
presence of other risk factors. It is the second leading cause of preventable death in the Western society and an increasing
cause on modernizing societies. Obesity affects all major bodily systems--heart, lung, muscle and bones-and is consid-
ered as a major risk factor for several chronic disease conditions, including coronary heart disease, type 2 diabetes
mellitus, hypertension, stroke, and cancers of the breast, endometrium, prostate and colon (Burton & Foster 1985).
[0005] A large number of medical conditions have been associated with obesity. Health consequences are categorized
as being the result of either increased fat mass (osteoarthritis, obstructive sleep apnea, social stigma) or increased
number of fat cells (diabetes, cancer, cardiovascular disease, non-alcoholic fatty liver disease) (Bray GA (2004). J. Clin.
Endocrinol. Metab. 89 (6): 2583-9). Mortality is increased in obesity, with a BMI of over 32 being associated with a
doubled risk of death (Manson JE, et al (1995). N. Engl. J. Med. 333 (11): 677-85). There are alterations in the body’s
response to insulin (insulin resistance), a pro-inflammatory state and an increased tendency to thrombosis (pro-thrombotic
state) (Bray GA (2004). J. Clin. Endocrinol. Metab. 89 (6): 2583-9). Disease associations may be dependent or inde-
pendent of the distribution of adipose tissue. Central obesity (male-type or waist-predominant obesity, characterized by
a high waist-hip ratio), is an important risk factor for the metabolic syndrome, the clustering of a number of diseases and
risk factors that heavily predispose for cardiovascular disease. These are diabetes mellitus type 2, high blood pressure,
high blood cholesterol, and triglyceride levels (combined hyperlipidemia) (Grundy SM (2004). J. Clin. Endocrinol. Metab.
89 (6): 2595-600. doi:10.1210/jc.2004-0372. PMID 15181029). Apart from the metabolic syndrome, obesity is also
correlated with a variety of other complications. For some of these complaints, it has not been clearly established to
what extent they are caused directly by obesity itself, or have some other cause (such as limited exercise) that causes
obesity as well. Cardiovascular: congestive heart failure, enlarged heart and its associated arrhythmias and dizziness,
varicose veins, and pulmonary embolism. Endocrine: polycystic ovarian syndrome (PCOS), menstrual disorders, and
infertility (van der Steeg JW, Steures P, Eijkemans MJ, et al (2008). "Obesity affects spontaneous pregnancy chances
in subfertile, ovulatory women". Hum. Reprod. 23 (2): 324-8.) Gastrointestinal: gastroesophageal reflux disease (GERD),
fatty liver disease, cholelithiasis (gallstones), hernia, and colorectal cancer. Renal and genitourinary: erectile dysfunction
(Esposito K, et al. (2004). JAMA 291 (24): 2978-84. doi:10.1001/jama.291.24.2978) urinary incontinence, chronic renal
failure, (Ejerblad E, Fored CM, Lindblad P, Fryzek J, McLaughlin JK, Nyrén O (2006). J. Am. Soc. Nephrol. 17 (6):
1695-702) hypogonadism (male), breast cancer (female), uterine cancer (female), stillbirth. Integument (skin and ap-
pendages): stretch marks, acanthosis nigricans, lymphedema, cellulitis, carbuncles, intertrigo. Musculoskeletal: hyper-
uricemia (which predisposes to gout), immobility, osteoarthritis, low back pain. Neurologic: stroke, meralgia paresthetica,
headache, carpal tunnel syndrome, dementia, (Whitmer RA, et al. (2005). BMJ 330 (7504): 1360) idiopathic intracranial
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hypertension. Respiratory: obstructive sleep apnea, obesity hypoventilation syndrome, asthma. Psychological: Depres-
sion, low self esteem, body dimorphic disorder, social stigmatization.
[0006] The economic cost attributable to obesity is substantial and is close to $100 billion/yr (Wolf & Colditz 1998).
Obesity accounts for 2-6% of total health care costs in several developed countries; some estimates put the figure as
high as 7%. The true costs are undoubtedly much greater as not all obesity-related conditions are included in the
calculations.
[0007] There is thus a clear need in the art to have accurate predictive tools for the risk of obesity associated disorders
and there is a need as well for accurate diagnostic tools that are indicative for a proper treatment of obesity associated
disorders such as obesity associated metabolic syndrome, obesity related cardiovascular disorders and obesity related
insulin resistance for person in need thereto.
[0008] Present invention provides such solution to these problems in the art. The present inventors have namely found
that in particular IRAK3 expression or activity is very suitable for diagnosing, identifying, and/or monitoring a metabolic
syndrome disorder phenotype in a subject. In addition, also combinations of expression or activity of IRAK3 and ZNF217;
or IRAK3 and one or more of SOD2, TNFAIP3, TNFAIP3, TLR2, IRS2 and ZNF217 may serve the same purpose. None
of said genes or expression products thereof have been previously linked to the metabolic syndrome disorder, in contrast
to Myd88 (WO2006083798 - (0026)), of which the expression and function in hematopoietic cells was found to link
obesity, to inflammation and insulin resistance. Rather, the IRAK (Interleukin 1 receptor associated kinase) family has
been found to be involved in branching morphogenesis (WO2005051314), whereas overexpression of ZNF217 was
found to be associated with cancer (WO03079748). It was therefore unexpected that IRAK3 and ZNF217 could have a
prognostic value in diagnosing, identifying and/or monitoring the metabolic syndrome disorder.

SUMMARY OF THE INVENTION

[0009] In accordance with the purpose of the invention, as embodied and broadly described herein, the invention is
broadly drawn to a method of diagnosis or a diagnostic tool for assessing the condition of a subject or for testing the
efficacy of his or her treatment.
[0010] The present invention solves the problems of the related art by providing an accurate diagnosis tool for the
progression of a metabolic syndrome disorder and in particular for the progression of a lipid homeostasis disorder, such
as an impaired glucose tolerance and/or insulin resistance condition seen with said lipid homeostasis disorder; and/or
the progression of an adipocyte tissue disorder, such as an impaired adipose tissue accumulation or adipocyte function;
hereinafter also referred to as an obesity-related metabolic syndrome, both with increased risk to related cardiovascular
diseases.
[0011] In particular this invention demonstrates that IRAK3 is a causal biomarker for obesity-related metabolic syn-
drome disorders.
[0012] Accordingly, in a first embodiment the present invention provides a method of diagnosing a metabolic syndrome
disorder phenotype in a subject, i.e. determining whether a sample is from tissue of a mammal having a metabolic
syndrome disorder phenotype, said method comprising: (a) determine or analyze the level of IRAK3 expression or activity
of an IRAK3 expression product in a biological sample isolated from said subject, and (b) compare said level of expression
or activity of said expression product with the IRAK3 expression or activity in a control sample; whereby a decreased
level of IRAK3 expression or activity is indicative for the progression to an impaired glucose tolerance and/or insulin
resistance condition seen with said metabolic syndrome disorder both with increased risk to related cardiovascular
diseases.
[0013] As provided in more details in the examples hereinafter, in addition to IRAK3, further genes of interest in
diagnosing the progression of a metabolic syndrome disorder and in discriminating lean from obese subjects, include
SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2, and ZNF217.
[0014] Thus in a further aspect, the present invention provides a method of diagnosing a metabolic syndrome disorder
phenotype in a subject, including discriminating lean from obese subjects, said method comprising: (a) obtaining an
expression profile in a biological sample isolated from said subject, wherein said expression profile consists of the
analysis of the level of IRAK3 expression or activity of an IRAK3 expression product in combination with the gene
expression level or activity of a gene product of at least one gene selected from the group consisting of SOD2, TNFAIP6,
TNFAIP3, TLR2, IRS2 and ZNF217; and (b) comparing said obtained expression profile to a reference expression profile
to determine whether said sample is from subject having a metabolic syndrome disorder phenotype. A lower than
reference expression profile of IRAK3 gene is indicative for said metabolic syndrome disorder phenotype. In a particular
embodiment of the aforementioned method, the genes analyzed in the expression profile consist of any one of the
following combinations; IRAK3 and SOD2; IRAK3 and TNFAIP6; IRAK3 and TNFAIP3; IRAK 3 and ZNF217; IRAK3 and
TNFAIP6 and TNFAIP3; IRAK3 and SOD2 and TNFAIP3; IRAK3 and SOD2 and TNFAIP6; IRAK3 and SOD2 and
ZNF217; IRAK3 and TNFAIP3 and ZNF217; IRAK3 and TNFAIP6 and ZNF217; IRAK3 and SOD2 and TNFAIP3 and
TNFAIP6; IRAK3 and SOD2 and TNFAIP3 and ZNF217; IRAK3 and SOD2 and TNFAIP6 and ZNF217; IRAK3 and
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TNFAIP3, TNFAIP6, SOD2 and ZNF217. In said embodiment, a lower than reference expression profile of IRAK3 and
a higher than reference expression profile of SOD2, TNFAIP3, TNFAIP6 and/or ZNF217 gene is indicative for said
metabolic syndrome disorder phenotype.
[0015] In a particular embodiment of present invention, the metabolic syndrome disorder in the aforementioned meth-
ods is a lipid homeostasis disorder; more in particular a glucose intolerance and/or insulin resistance phenotype.
[0016] Yet another aspect of present invention is a method of diagnosing the risk for cardiovascular diseases in a
subject, i.e. determining whether a sample is from tissue of a mammal having a high risk for cardiovascular diseases,
said method comprising: (a) determine or analyze the level of IRAK3 expression or activity of an IRAK3 expression
product in a biological sample isolated from said subject, and (b) compare said level of expression or activity of said
expression product with the IRAK3 expression or activity in a control sample; whereby a decreased level of IRAK3
expression or activity is indicative for said risk for cardiovascular diseases. A higher than reference expression profile
of SOD2, TNFAIP3, TNFAIP6 and/or ZNF217 gene is indicative for said cardiovascular diseases.
[0017] The present invention also concerns the above described methods for testing or evaluating whether a medi-
cament, a diet or nutriceutical is efficient in curing or decreasing the disorders.
[0018] Further scope of applicability of the present invention will become apparent from the detailed description given
hereinafter. However, it should be understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only, since various changes and modifications
will become apparent to those skilled in the art from this detailed description. It is to be understood that both the foregoing
general description and the following detailed description are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

Illustrative embodiments of the invention

DEFINITIONS

[0019] Myeloid refers to the nonlymphocytic groups of white blood cells, including the granulocytes, monocytes and
platelets.
[0020] Dyslipidemia (From dys- + lipid (fat) + -emia (in the blood) = essentially, disordered lipids in the blood) is a
disorder of lipoprotein metabolism. Dyslipidemias may be manifested by elevation of the triglyceride concentrations, and
a decrease in the "good" high-density lipoprotein (HDL) cholesterol concentration in the blood. Dyslipidemia comes
under consideration in many situations including diabetes, a common cause of lipidemia. For adults with diabetes, it has
been recommended that the levels HDL-cholesterol, and triglyceride be measured every year. Optimal HDL-cholesterol
levels are equal to or greater than 40 mg/dL (1.02 mmol/L), and desirable triglyceride levels are less than 150 mg/dL
(1.7 mmol/L).
[0021] Insulinemia concerns an abnormally large concentration of insulin in the blood.
[0022] Glycemia concerns the presence of glucose in the blood. It is a medical term meaning that the blood glucose
is elevated, typically above 100 mg/dl.
[0023] Hypercholesterolemia is manifested by elevation of the total cholesterol due to elevation of the "bad" low-
density lipoprotein (LDL) cholesterol in the blood. Optimal LDL-cholesterol levels for adults with diabetes are less than
100 mg/dL (2.60 mmol/L),
[0024] Triglycerides are the major form of fat. A triglyceride consists of three molecules of fatty acid combined with
a molecule of the alcohol glycerol. Triglycerides serve as the backbone of many types of lipids (fats). Triglycerides come
from the food we eat as well as from being produced by the body. Triglyceride levels are influenced by recent fat and
alcohol intake, and should be measured after fasting for at least 12 hours. A period of abstinence from alcohol is advised
before testing for triglycerides. Markedly high triglyceride levels (greater than 500mg/dl) can cause inflammation of the
pancreas (pancreatitis). Therefore, these high levels should be treated aggressively with low fat diets and medications,
if needed. The word "triglyceride" reflects the fact that a triglyceride consists of three ("tri-") molecules of fatty acid
combined with a molecule of the alcohol glycerol ("-glyceride") that serves as the backbone in many types of lipids (fats).
[0025] HDL-cholesterol concerns lipoproteins, which are combinations of lipids (fats) and proteins, are the form in
which lipids are transported in the blood. The high-density lipoproteins transport cholesterol from the tissues of the body
to the liver so it can be gotten rid of (in the bile). HDL-cholesterol is therefore considered the "good" cholesterol. The
higher the HDL-cholesterol level, the lower the risk of coronary artery disease. Even small increases in HDL-cholesterol
reduce the frequency of heart attacks. For each 1 mg/dl increase in HDL-cholesterol there is a 2 to 4% reduction in the
risk of coronary heart disease. Although there are no formal guidelines, proposed treatment goals for patients with low
HDL-cholesterol are to increase HDL-cholesterol to above 35 mg/dl in men and 45 mg/dl in women with a family history
of coronary heart disease; and to increase HDL-cholesterol to approach 45 mg/dl in men and 55 mg/dl in women with
known coronary heart disease. The first step in increasing HDL-cholesterol levels is life style modification. Regular
aerobic exercise, loss of excess weight (fat), and cessation of cigarette smoking cigarettes will increase HDL-cholesterol



EP 2 260 301 B9

5

5

10

15

20

25

30

35

40

45

50

55

levels. Moderate alcohol consumption (such as one drink a day) also raises HDL-cholesterol. When life style modifications
are insufficient, medications are used. Medications that are effective in increasing HDL-cholesterol include nicotinic acid
(niacin), gemfibrozil (Lopid), estrogen, and to a lesser extent, the statin drugs.
[0026] Hypertension or High blood pressure is defined as a repeatedly elevated blood pressure exceeding 140
over 90 mmHg -- a systolic pressure above 140 with a diastolic pressure above 90. Chronic hypertension is a "silent"
condition. Stealthy as a cat, it can cause blood vessel changes in the back of the eye (retina), abnormal thickening of
the heart muscle, kidney failure, and brain damage. For diagnosis, there is no substitute for measurement of blood
pressure. Not having your blood pressure checked (or checking it yourself) is an invitation to hypertension. No specific
cause for hypertension is found in 95% of cases. Hypertension is treated with regular aerobic exercise, weight reduction
(if overweight), salt restriction, and medications. Diabetes, type 2 is one of the two major types of diabetes, the type in
which the beta cells of the pancreas produce insulin but the body is unable to use it effectively because the cells of the
body are resistant to the action of insulin. Although this type of diabetes may not carry the same risk of death from
ketoacidosis, it otherwise involves many of the same risks of complications as type 1 diabetes (in which there is a lack
of insulin). The aim of treatment is to normalize the blood glucose in an attempt to prevent or minimize complications.
People with type 2 diabetes may experience marked hyperglycemia, but most do not require insulin injections. In fact,
80% of all people with type 2 diabetes can be treated with diet, exercise, and, if needed be, oral hypoglycemic agents
(drugs taken by mouth to lower the blood sugar). Type 2 diabetes requires good dietary control including the restriction
of calories, lowered consumption of simple carbohydrates and fat with increased consumption of complex carbohydrates
and fiber. Regular aerobic exercise is also an important method for treating both type 2 diabetes since it decreases
insulin resistance and helps burn excessive glucose. Regular exercise also may help lower blood lipids and reduce
some effects of stress, both important factors in treating diabetes and preventing complications. Type 2 diabetes is also
known as insulin-resistant diabetes, non-insulin dependent diabetes, and adult-onset diabetes.
[0027] Systolic: The blood pressure when the heart is contracting. It is specifically the maximum arterial pressure
during contraction of the left ventricle of the heart. The time at which ventricular contraction occurs is called systole. In
a blood pressure reading, the systolic pressure is typically the first number recorded. For example, with a blood pressure
of 120/80 ("120 over 80"), the systolic pressure is 120. By "120" is meant 120 mm Hg (millimeters of mercury). A systolic
murmur is a heart murmur heard during systole, the time the heart contracts, between the normal first and second heart
sounds. "Systolic" comes from the Greek systole meaning "a drawing together or a contraction." The term has been in
use since the 16th century to denote the contraction of the heart muscle.
[0028] Osteoarthritis is a type of arthritis caused by inflammation, breakdown, and eventual loss of cartilage in the
joints. It is also known as degenerative arthritis.
[0029] An ischemic stroke is death of an area of brain tissue (cerebral infarction) resulting from an inadequate supply
of blood and oxygen to the brain due to blockage of an artery. Ischemic stroke usually results when an artery to the brain
is blocked, often by a blood clot or a fatty deposit due to atherosclerosis. Symptoms occur suddenly and may include
muscle weakness, paralysis, lost or abnormal sensation on one side of the body, difficulty speaking, confusion, problems
with vision, dizziness, and loss of balance and coordination. Diagnosis is usually based on symptoms and results of a
physical examination, imaging tests, and blood tests. Treatment may include drugs to break up blood clots or to make
blood less likely to clot and surgery, followed by rehabilitation. About one third of people recover all or most of normal
function after an ischemic stroke. Ischemic stroke occurs when local blood flow is suddenly limited by vessel occlusion.
The rate of neuronal death varies with blood flow. If blood flow falls to less than 15 mL/100 g/min, energy failure and
subsequent cell death occur within minutes. Even suboptimal flow for longer periods may cause the cells to die by an
apoptotic mechanism over days to weeks. Rapid restoration of blood flow is essential to save brain tissue. The mechanism
of stroke involving the PCA territory is variable. It is commonly due to embolization from the heart, the aortic arch, the
vertebral artery, or the basilar artery. Other mechanisms include intrinsic atherosclerotic disease and vasospasm. Mi-
grainous strokes tend to involve PCAs preferentially. Less commonly, the anterior circulation is to blame (e.g., internal
carotid stenosis), when a fetal PCA is present. Rare causes of stroke may be considered when usual culprits such as
coagulation abnormalities, vasculitis, sympathomimetic drugs, and metabolic disorders are not present.
[0030] Insulin resistance is the diminished ability of cells to respond to the action of insulin in transporting glucose
(sugar) from the bloodstream into muscle and other tissues. Insulin resistance typically develops with obesity and heralds
the onset of type 2 diabetes. It is as if insulin is "knocking" on the door of muscle. The muscle hears the knock, opens
up, and lets glucose in. But with insulin resistance, the muscle cannot hear the knocking of the insulin (the muscle is
"resistant"). The pancreas makes more insulin, which increases insulin levels in the blood and causes a louder "knock."
Eventually, the pancreas produces far more insulin than normal and the muscles continue to be resistant to the knock.
As long as one can produce enough insulin to overcome this resistance, blood glucose levels remain normal. Once the
pancreas is no longer able to keep up, blood glucose starts to rise, initially after meals, eventually even in the fasting
state. Insulin resistance is an early feature and finding in the pathogenesis of type 2 diabetes associated with obesity is
the development is insulin resistance, defined as impaired insulin-mediated glucose clearance in insulin-sensitive tissues
(skeletal muscle, liver and adipose tissue) (Martin BC et al. Lancet. 1992 Oct 17;340(8825):925-9 and Warram J H et
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al, Ann Intern Med. 1990 Dec 15;113(12):909-15). Insulin resistance is the condition in which normal amounts of insulin
are inadequate to produce a normal insulin response from fat, muscle and liver cells. Insulin resistance in fat cells reduces
the effects of insulin and results in elevated hydrolysis of stored triglycerides in the absence of measures which either
increase insulin sensitivity or which provide additional insulin. Increased mobilization of stored lipids in these cells elevates
free fatty acids in the blood plasma. Insulin resistance in muscle cells reduces glucose uptake (and so local storage of
glucose as (glycogen), whereas insulin resistance in liver cells reduces storage of glycogen, making it unavailable for
release into the blood when blood insulin levels fall (normally only when blood glucose levels are at low storage: Both
lead to elevated blood glucose levels. High plasma levels of insulin and glucose due to insulin resistance often lead to
metabolic syndrome and type 2 diabetes, including its complications. In 2000, there were approximately 171 million
people, worldwide, with diabetes. The numbers of diabetes patients will expectedly more than double over the next 25
years, to reach a total of 366 million by 2030 (WHO/IDF, 2004). The two main contributors to the worldwide increase in
prevalence of diabetes are population ageing and urbanization, especially in developing countries, with the consequent
increase in the prevalence of obesity (WHO/IDF, 2004).
[0031] Cardiovascular diseases refer to the class of diseases that involve the heart or blood vessels (arteries and
veins). While the term technically refers to any disease that affects the cardiovascular system, it is usually used to refer
to those related to atherosclerosis (arterial disease). The circulatory system (or cardiovascular system) is an organ
system that moves nutrients, gases, and wastes to and from cells, helps fight diseases and helps stabilize body tem-
perature and pH to maintain homeostasis. While humans, as well as other vertebrates, have a closed circulatory system
(meaning that the blood never leaves the network of arteries, veins and capillaries), some invertebrate groups have
open circulatory system. The present diagnostic invention is particularly suitable for a cardiovascular disease of the
group consisting of hypertension, coronary heart disease, heart failure, congestive heart failure, atherosclerosis, arteri-
osclerosis, stroke, cerebrovascular disease, myocardial infarction and peripheral vascular disease.
[0032] The following terms are similar, yet distinct, in both spelling and meaning, and can be easily confused: arteri-
osclerosis, arteriolosclerosis and atherosclerosis.
[0033] Arteriosclerosis also called hardening of the arteries chronic disease is characterized by abnormal thickening
and hardening of the walls of arteries, with a resulting loss of elasticity. The major form of arteriosclerosis is atherosclerosis,
in which plaques of consisting of macrophages, fatty deposits in foam cells, or atheromas, form on the inner walls of the
arteries. These fatty acids are largely due to the uptake of oxidized LDL by macrophages. Arteriosclerosis is a general
term describing any hardening (and loss of elasticity) of medium or large arteries (in Greek, "Arterio" meaning artery
and "sclerosis" meaning hardening); arteriolosclerosis is arteriosclerosis mainly affecting the arterioles (small arteries);
atherosclerosis is a hardening of an artery specifically due to an atheromatous plaque. Therefore, atherosclerosis is a
form of arteriosclerosis. Arteriosclerosis ("hardening of the artery") results from a deposition of tough, rigid collagen
inside the vessel wall and around the atheroma. This increases the stiffness, decreases the elasticity of the artery wall.
Arteriolosclerosis (hardening of small arteries, the arterioles) is the result of collagen deposition, but also muscle wall
thickening and deposition of protein ("hyaline").Calcification, sometimes even ossification (formation of complete bone
tissue) occurs within the deepest and oldest layers of the sclerosed vessel wall.
[0034] Atherosclerosis causes two main problems. First, the atheromatous plaques, though long compensated for
by artery enlargement, eventually lead to plaque ruptures and stenosis (narrowing) of the artery and, therefore, an
insufficient blood supply to the organ it feeds. If the compensating artery enlargement is excessive, a net aneurysm
occurs. Atherosclerosis chronic disease is caused by the deposition of fats, cholesterol, calcium, and other substances
in the innermost layer (endothelium) of the large and medium-sized arteries. Atherosclerosis is a disease affecting the
arterial blood vessel. It is commonly referred to as a "hardening" or "furring" of the arteries. It is caused by the formation
of multiple plaques within the arteries.
These complications are chronic, slowly progressing and cumulative. Most commonly, soft plaque suddenly ruptures
(see vulnerable plaque), causing the formation of a thrombus that will rapidly slow or stop blood flow, e.g. 5 minutes,
leading to death of the tissues fed by the artery. This catastrophic event is called an infarction. One of the most common
recognized scenarios is called coronary thrombosis of a coronary artery causing myocardial infarction (a heart attack).
Another common scenario in very advanced disease is claudication from insufficient blood supply to the legs, typically
due to a combination of both stenosis and aneurismal segments narrowed with clots. Since atherosclerosis is a body
wide process, similar events also occur in the arteries to the brain, intestines, kidneys, legs, etc.
Pathologically, the atheromatous plaque is divided into three distinct components: the nodular accumulation of a soft,
flaky, yellowish material at the centre of large plaques composed of macrophages nearest the lumen of the artery;
sometimes with underlying areas of cholesterol crystals; and possibly also calcification at the outer base of older/more
advanced lesions.
[0035] Thrombogenicity refers to the tendency of a material in contact with the blood to produce a thrombus, or clot.
It not only refers to fixed thrombi but also to emboli, thrombi which have become detached and travel through the
bloodstream. Thrombogenicity can also encompass events such as the activation of immune pathways and the com-
plement system. All materials are considered to be thrombogenic with the exception of the endothelial cells which line
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the vasculature. Certain medical implants appear non-thrombogenic due to high flow rates of blood past the implant,
but in reality, all are thrombogenic to a degree. A thrombogenic implant will eventually be covered by a fibrous capsule,
the thickness of this capsule can be considered one measure of thrombogenicity, and if extreme can lead to the failure
of the implant.
[0036] Low-density lipoprotein (LDL) belongs to the lipoprotein particle family. Its size is approx. 22 nm and its mass
is about 3 million Daltons; but, since LDL particles contain a changing number of fatty acids, they actually have a mass
and size distribution. Each native LDL particle contains a single apolipoprotein B-100 molecule (Apo B-100, a protein
with 4536 amino acid residues) that circles the fatty acids, keeping them soluble in the aqueous environment. In addition,
LDL has a highly-hydrophobic core consisting of polyunsaturated fatty acid known as linoleate and about 1500 esterified
cholesterol molecules. This core is surrounded by a shell of phospholipids and unesterified cholesterol as well as a
single copy of B-100 large protein (514 kD)[ Segrest, J. P. et al (September 2001ture of apolipoprotein B-100 in low
density lipoproteins). Journal of Lipid Research 42: 1346-1367]. Cholesterol is an animal sterol that is normally synthe-
sized by the liver. The main types, low-density lipoprotein (LDL) and high-density lipoprotein (HDL) carry cholesterol
from and to the liver, respectively. LDL-cholesterol concerns thus the cholesterol in low-density lipoproteins. Cholesterol
is required in the membrane of mammalian cells for normal cellular function, and is either synthesized in the endoplasmic
reticulum, or derived from the diet, in which case it is delivered by the bloodstream in low-density lipoproteins. These
are taken into the cell by LDL receptor-mediated endocytosis in clathrin-coated pits, and then hydrolyzed in lysosomes.
Oxidized LDL-cholesterol concerns a LDL-cholesterol that has been bombarded by free radicals; it is thought to cause
atherosclerosis; the ’bad’ cholesterol; a high level in the blood is thought to be related to various pathogenic conditions
[0037] Metabolic syndrome is a combination of medical disorders that increase the risk of developing cardiovascular
disease and type 2 diabetes. It affects a large number of people, and prevalence increases with age. Some studies
estimate the prevalence in the USA to be up to 25% of the population. Metabolic syndrome is also known as metabolic
syndrome X, syndrome X, insulin resistance syndrome, Reaven’s syndrome or CHAOS. Metabolic syndrome components
were defined as detailed in the Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in adults (ATPIII) report: 1) waist circumference ≥102 cm in men
and ≥ 88 cm in women; 2) fasting triglycerides ≥ 150 mg/dl (1.70 mmol/l); 3) HDL-cholesterol <40 mg/dl (1.03 mmol/l)
in men and < 50 mg/dl (1.29 mmol/l) in women; 4) blood pressure ≥ 130/85 mmHg or on anti-hypertensive medication;
5) fasting-glucose ≥ 100 mg/dl (5.55 mmol/l) or on anti-diabetic medication.
[0038] "Sample" or "biological sample" as used herein can be any organ, tissue, cell, or cell extract isolated from
a subject, such as a sample isolated from a mammal having a metabolic syndrome disorder or at risk for a metabolic
syndrome disorder (e.g., based on family history or personal history). For example, a sample can include, without
limitation, cells or tissue (e.g., from a biopsy or autopsy), peripheral blood, whole blood, red cell concentrates, platelet
concentrates, leukocyte concentrates, blood cell proteins, blood plasma, platelet-rich plasma, a plasma concentrate, a
precipitate from any fractionation of the plasma, a supernatant from any fractionation of the plasma, blood plasma protein
fractions, purified or partially purified blood proteins or other components, serum, tissue or fine needle biopsy samples,
or any other specimen, or any extract thereof, obtained from a patient (human or animal), test subject, healthy volunteer,
or experimental animal. A subject can be a human, rat, mouse, non-human primate, etc. A sample may also include
sections of tissues such as frozen sections taken for histological purposes. A "sample" may also be a cell or cell line
created under experimental conditions, that is not directly isolated from a subject.
[0039] In a particular embodiment the sample is selected from the group consisting of (a) a liquid containing cells; (b)
a tissue-sample; (c) a cell-sample and (d) a cell biopsy; more in particular the sample comprises hematopoietic cells or
blood cells; even more in particular the sample comprises at least one myeloid cell or debris thereof. In an even further
embodiment the sample comprises at least one of monocytes or peripheral blood mononuclear cells or debris thereof.
[0040] A "control" or "reference" includes a sample obtained for use in determining base-line expression or activity.
Accordingly, a control sample may be obtained by a number of means including from subjects not having a metabolic
syndrome disorder; from subjects not suspected of being at risk for developing a metabolic syndrome disorder; or from
cells or cell lines derived from such subjects. A control also includes a previously established standard, such as a
previously characterized pool of RNA or protein extracts from monocytes of at least 20 subjects without any of the
metabolic syndrome components as defined above. Accordingly, any test or assay conducted according to the invention
may be compared with the established standard and it may not be necessary to obtain a control sample for comparison
each time.
[0041] Unless defined otherwise, 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. Singleton et al., Dictionary of Microbiology
and Molecular Biology 2nd ed., J. Wiley & Sons (New York, N.Y. 1994), Microarrays in Clinical Diagnostics (© 2005
Humana Press Inc.) provide one skilled in the art with a general guide to many of the terms used in the present application.
[0042] For purposes of the present invention, the following terms are defined below.
The term "array" or "microarray" in general refers to an ordered arrangement of hybridizable array elements such as
polynucleotide probes on a substrate. An "array" is typically a spatially or logically organized collection, e.g., of oligonu-
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cleotide sequences or nucleotide sequence products such as RNA or proteins encoded by an oligonucleotide sequence.
In some embodiments, an array includes antibodies or other binding reagents specific for products of a candidate library.
The array element may be an oligonucleotide, DNA fragment, polynucleotide, or the like, as defined below. The array
element may include any element immobilized on a solid support that is capable of binding with specificity to a target
sequence such that gene expression may be determined, either qualitatively or quantitatively.
[0043] When referring to a pattern of expression, a "qualitative" difference in gene expression refers to a difference
that is not assigned a relative value. That is, such a difference is designated by an "all or nothing" valuation. Such an
all or nothing variation can be, for example, expression above or below a threshold of detection (an on/off pattern of
expression). Alternatively, a qualitative difference can refer to expression of different types of expression products, e.g.,
different alleles (e.g., a mutant or polymorphic allele), variants (including sequence variants as well as post-translationally
modified variants), etc. In contrast, a "quantitative" difference, when referring to a pattern of gene expression, refers to
a difference in expression that can be assigned a value on a graduated scale, (e.g., a 0-5 or 1-10 scale, a + +++ scale,
a grade 1 grade 5 scale, or the like; it will be understood that the numbers selected for illustration are entirely arbitrary
and in no-way are meant to be interpreted to limit the invention). Microarrays are useful in carrying out the methods
disclosed herein because of the reproducibility between different experiments. DNA microarrays provide one method
for the simultaneous measurement of the expression levels of large numbers of genes. Each array consists of a repro-
ducible pattern of capture probes attached to a solid support. Labeled RNA or DNA is hybridized to complementary
probes on the array and then detected for instance by laser scanning. Hybridization intensities for each probe on the
array are determined and converted to a quantitative value representing relative gene expression levels. See the patent
publications Nos. US6040138, US5800992 and US6020135, US6033860, US 6344316, US7439346, US7371516,
US7353116, US7348181, US7347921, US7335762 , US7335470, US7323308, US7321829, US7302348, US7276592,
US7264929, US7244559, US7221785, US7211390, US7189509, US7138506, US7052842, US7047141 and
US7031845. High-density oligonucleotide arrays are particularly useful for determining the gene expression profile for
a large number of RNA’s in a sample.
[0044] A "DNA fragment" includes polynucleotides and/or oligonucleotides and refers to a plurality of joined nucleotide
units formed from naturally-occurring bases and cyclofuranosyl groups joined by native phosphodiester bonds. This
term effectively refers to naturally-occurring species or synthetic species formed from naturally-occurring subunits. "DNA
fragment" also refers to purine and pyrimidine groups and moieties which function similarly but which have no naturally-
occurring portions. Thus, DNA fragments may have altered sugar moieties or inter-sugar linkages. Exemplary among
these are the phosphorothioate and other sulfur containing species. They may also contain altered base units or other
modifications, provided that biological activity is retained. DNA fragments may also include species that include at least
some modified base forms. Thus, purines and pyrimidines other than those normally found in nature may be so employed.
Similarly, modifications on the cyclofuranose portions of the nucleotide subunits may also occur as long as biological
function is not eliminated by such modifications.
[0045] The term "polynucleotide," when used in singular or plural generally refers to any polyribonucleotide or polyde-
oxribonucleotide, which may be unmodified RNA or DNA or modified RNA or DNA. Thus, for instance, polynucleotides
as defined herein include, without limitation, single- and double-stranded DNA, DNA including single- and double-stranded
regions, single- and double-stranded RNA, and RNA including single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or, more typically, double-stranded or include single- and double-
stranded regions. In addition, the term "polynucleotide" as used herein refers to triple-stranded regions comprising RNA
or DNA or both RNA and DNA. The strands in such regions may be from the same molecule or from different molecules.
The regions may include all of one or more of the molecules, but more typically involve only a region of some of the
molecules. One of the molecules of a triple-helical region often is an oligonucleotide. Thus, DNAs or RNAs with backbones
modified for stability or for other reasons are "polynucleotides" as that term is intended herein. Moreover, DNAs or RNAs
comprising unusual bases, such as inosine, or modified bases, such as tritiated bases, are included within the term
"polynucleotides" as defined herein. In general, the term "polynucleotide" embraces all chemically, enzymatically and/or
metabolically modified forms of unmodified polynucleotides, as well as the chemical forms of DNA and RNA characteristic
of cells, including simple and complex cells.
[0046] The term "oligonucleotide" refers to a relatively short polynucleotide, including, without limitation, single-
stranded deoxyribonucleotides, single- or double-stranded ribonucleotides, RNA: DNA hybrids and double-stranded
DNAs. Oligonucleotides, such as single-stranded DNA oligonucleotides, are often synthesized by chemical methods,
for example using automated oligonucleotide synthesizers that are commercially available. However, oligonucleotides
can be made by a variety of other methods, including in vitro recombinant DNA-mediated techniques and by expression
of DNAs in cells.
[0047] The terms "differentially expressed gene," "differential gene expression" and their synonyms, which are
used interchangeably, refer to a gene whose expression is activated to a higher or lower level in a subject, relative to
its expression in a normal or control subject. A differentially expressed gene may be either activated or inhibited at the
nucleic acid level or protein level, or may be subject to alternative splicing to result in a different polypeptide product.
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Such differences may be evidenced by a change in mRNA levels, surface expression, secretion or other partitioning of
a polypeptide, for example. Differential gene expression may include a comparison of expression between two or more
genes, or a comparison of the ratios of the expression between two or more genes, or even a comparison of two differently
processed products of the same gene, which differ between normal subjects and subjects suffering from a disease, or
between various stages of the same disease. Differential expression includes both quantitative, as well as qualitative,
differences in the temporal or cellular expression pattern in a gene or its expression products. As used herein, "differential
gene expression" can be present when there is, for example, at least an about a one to about two-fold, or about two to
about four-fold, or about four to about six-fold, or about six to about eight-fold, or about eight to about ten-fold, or greater
than about 11-fold difference between the expression of a given gene in a patient of interest compared to a suitable
control. However, folds change less than one is not intended to be excluded and to the extent such change can be
accurately measured, a fold change less than one may be reasonably relied upon in carrying out the methods disclosed
herein.
In some embodiments, the fold change may be greater than about five or about 10 or about 20 or about 30 or about 40.
[0048] The phrase "gene expression profile" as used herein, is intended to encompass the general usage of the
term as used in the art, and generally means the collective data representing gene expression with respect to a selected
group of two or more genes, wherein the gene expression may be upregulated, downregulated, or unchanged as com-
pared to a reference standard A gene expression profile is obtained via measurement of the expression level of many
individual genes. The expression profiles can be prepared using different methods. Suitable methods for preparing a
gene expression profile include, but are not limited to reverse transcription loop-mediated amplification (RT-LAMP), for
instance one-step RT-LAMP, quantitative RT-PCR, Northern Blot, in situ hybridization, slot-blotting, nuclease protection
assay, nucleic acid arrays, and immunoassays. The gene expression profile may also be determined indirectly via
measurement of one or more gene products (whether a full or partial gene product) for a given gene sequence, where
that gene product is known or determined to correlate with gene expression.
[0049] The phrase "gene product" is intended to have the meaning as generally understood in the art and is intended
to generally encompass the product(s) of RNA translation resulting in a protein and/or a protein fragment. The gene
products of the genes identified herein may also be used for the purposes of diagnosis or treatment in accordance with
the methods described herein.
[0050] A "’reference gene expression profile" as used herein, is intended to indicate the gene expression profile,
as defined above, for a pre selected group which is useful for comparison to the gene expression profile of a subject of
interest. For example, the reference gene expression profile may be the gene expression profile of a single individual
known to not have an metabolic syndrome disorder phenotype or a propensity thereto (i.e.. a "normal" subject) or the
gene expression profile represented by a collection of RNA samples from "’normal" individuals that has been processed
as a single sample. The "reference gene expression profile" may vary and such variance will be readily appreciated by
one of ordinary skill in the art.
[0051] The phrase "reference standard" as used herein may refer to the phrase "reference gene expression
profile" or may more broadly encompass any suitable reference standard which may be used as a basis of comparison
with respect to the measured variable. For example, a reference standard may be an internal control, the gene expression
or a gene product of a "healthy" or "’normal" subject, a housekeeping gene, or any unregulated gene or gene product.
The phrase is intended to be generally non-limiting in that the choice of a reference standard is well within the level of
skill in the art and is understood to vary based on the assay conditions and reagents available to one using the methods
disclosed herein.
"Gene expression profiling" as used herein, refers to any method that can analyze the expression of selected genes in
selected samples.
The phrase "gene expression system" as used herein, refers to any system, device or means to detect gene expression
and includes diagnostic agents, candidate libraries, oligonucleotide sets or probe sets.
[0052] The terms "diagnostic oligonucleotide" or "diagnostic oligonucleotide set" generally refers to an oligo-
nucleotide or to a set of two or more oligonucleotides that, when evaluated for differential expression their corresponding
diagnostic genes, collectively yields predictive data.
[0053] Such predictive data typically relates to diagnosis, prognosis, selection of therapeutic agents, monitoring of
therapeutic outcomes, and the like. In general, the components of a diagnostic oligonucleotide or a diagnostic oligonu-
cleotide set are distinguished from oligonucleotide sequences that are evaluated by analysis of the DNA to directly
determine the genotype of an individual as it correlates with a specified trait or phenotype, such as a disease, in that it
is the pattern of expression of the components of the diagnostic oligonucleotide set, rather than mutation or polymorphism
of the DNA sequence that provides predictive value. It will be understood that a particular component (or member) of a
diagnostic oligonucleotide set can, in some cases, also present one or more mutations, or polymorphisms that are
amenable to direct genotyping by any of a variety of well known analysis methods, e.g., Southern blotting, RFLP, AFLP,
SSCP, SNP, and the like.
The phrase "gene amplification" refers to a process by which multiple copies of a gene or gene fragment are formed in
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a particular cell or cell line. The duplicated region (a stretch of amplified DNA) is often referred to as "amplicon." Usually,
the amount of the messenger RNA (mRNA) produced, i.e., the level of gene expression, also increases in the proportion
of the number of copies made of the particular gene expressed.
[0054] A "gene expression system" refers to any system, device or means to detect gene expression and includes
diagnostic agents, candidate libraries oligonucleotide, diagnostic gene sets, oligonucleotide sets, array sets, or probe
sets.
[0055] As used herein, a "gene probe" refers to the gene sequence arrayed on a substrate.
[0056] As used herein, a "nucleotide probe" refers to the oligonucleotide, DNA fragment, polynucleotide sequence
arrayed on a substrate.
The terms "splicing" and "RNA splicing" are used interchangeably and refer to RNA processing that removes introns
and joins exons to produce mature mRNA with continuous coding sequence that moves into the cytoplasm of a eukaryotic
cell.
[0057] "Stringency" of hybridization reactions is readily determinable by one of ordinary skill in the art, and generally
is an empirical calculation dependent upon probe length, washing temperature, and salt concentration. In general, longer
probes require higher temperatures for proper annealing, while shorter probes need lower temperatures. Hybridization
generally depends on the ability of denatured DNA to reanneal when complementary strands are present in an environ-
ment below their melting temperature. The higher the degree of desired homology between the probe and hybridizable
sequence, the higher the relative temperature which can be used. As a result, it follows that higher relative temperatures
would tend to make the reaction conditions more stringent, while lower temperatures less so. For additional details and
explanation of stringency of hybridization reactions, see Ausubel et al., Current Protocols in Molecular Biology, Wiley
Interscience Publishers, (1995) and in Current Protocols in Molecular Biology Copyright © 2007 by John Wiley and Sons,
Inc., 2008.
[0058] As used herein, a "gene target" refers to the sequence derived from a biological sample that is labeled and
suitable for hybridization to a gene probe affixed on a substrate and a "nucleotide target" refers to the sequence derived
from a biological sample that is labeled and suitable for hybridization to a nucleotide probe affixed on a substrate.
[0059] The term "treatment" refers to both therapeutic treatment and prophylactic or preventative measures, wherein
the object is to prevent or slow down (lessen) the targeted pathologic condition or disorder. Those in need of treatment
include those already with the disorder as well as those prone to have the disorder or those in whom the disorder is to
be prevented. The practice of the present invention will employ, unless otherwise indicated, conventional techniques of
molecular biology (including recombinant techniques), microbiology, cell biology and biochemistry, which are within the
skill of the art.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0060] The following detailed description of the invention refers to the accompanying drawings. Also, the following
detailed description does not limit the invention. Instead, the scope of the invention is defined by the appended claims
and equivalents thereof.
[0061] The risk for developing heart disease is directly related to the concomitant burden of obesity-related cardio-
vascular risk factors clustered in the metabolic syndrome (MetSyn)1: dyslipidemia (i.e. high triglycerides and low HDL-
cholesterol), hypertension, and type 2 diabetes.
[0062] Persons with the metabolic syndrome (MetSyn) are at increased risk of developing coronary heart diseases
(CHD) as well as increased mortality from CHD and any other cause 2,3.
[0063] The Third Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in adults (ATPIII), draws attention to the importance of MetSyn and provides a
working definition of this syndrome 4.
[0064] Findings from the Third National Health and Nutrition Examination Survey showed that MetSyn is highly prev-
alent in the United States. Its prevalence has increased from 6.7% among participants aged 20 to 29 years, to 43.5%
and 42.0% for participants aged 60 to 69 years and aged at least 70 years, respectively 5.
[0065] Over 75% of hypertension cases are reported to be directly attributable to obesity, and the risk of developing
hypertension is five to six times greater in obese adult Americans age 20 to 45 compared to non-obese individuals of
the same age. Obesity and insulin resistance, and the interaction between these two components, are associated with
a high cardiovascular risk.6, 7 As many as 90% of individuals with type 2 diabetes are overweight or obese. 8 Obesity-
related type 2 diabetes is a leading cause of morbidity and mortality in western societies, and is quickly approaching
pandemic proportions 9. In addition to heart disease, obesity is reported to increase the risk of ischemic stroke independent
of other risk factors, including age and systolic blood pressure. The incidence of osteoarthritis increases with BMI and
is associated with arthritis of the hand, hip, back and, in particular, the knee. Increased weight adds stress to bones and
joints due to increased load. Lastly, there is evidence that some cancers (endometrial, breast and colon) are associated
with obesity.
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Although obesity and insulin resistance, and the interaction between these two components, are associated with a high
cardiovascular risk 6, 7, the severity of insulinemia and glycaemia during the diabetic phase can only to a minor extent
explain this increased cardiovascular risk.
[0066] Therefore, the pathogenic mechanisms which link obesity with type-2 diabetes and with cardiovascular risk
remain to be elucidated. One possible link is inflammation. Indeed, obesity is associated with increased infiltration in the
adipose tissue of monocytes/macrophages that also produce inflammatory chemokines.10

Increased oxidative stress causes increased monocyte infiltration and is an early instigator of MetSyn. Several findings
support this hypothesis. We demonstrated that MetSyn is associated with elevated levels of circulating oxidized LDL
(oxLDL), a marker of oxidative stress. High triglycerides, low HDL-cholesterol, and high glucose and insulin predicted
elevated levels of oxLDL independent of LDL-cholesterol levels. The association between MetSyn and elevated levels
of oxLDL has been confirmed in European and Japanese cohorts 11-13. Persons with high oxLDL levels showed a greater
disposition to myocardial infarction, adjusting for all established cardiovascular risk factors.14 Two other studies confirmed
that elevated levels of circulating oxLDL predict future cardiovascular events even after adjustment for traditional cardi-
ovascular risk factors and C-reactive protein 15, 16. Recently, we have shown that persons with high oxLDL showed a
4.5-fold greater disposition to future MetSyn after 5 years follow-up, adjusted for age, gender, race, study centre, cigarette
smoking, BMI, physical activity, and LDL-cholesterol, little changed by further adjustment for C-reactive protein, and
adiponectin. In particular, oxLDL predicted the development of obesity, dyslipidemia and prediabetes.
We hypothesized that the identification of a cluster of genes and associated proteins which are associated with inflam-
mation and oxidative stress and of which the expression pattern is improved by weight loss that significantly reduces
cardiovascular risk could lead to a better estimate of the risk for cardiovascular disease for obese persons. We started
from the observation in obese miniature pigs on an atherogenic diet that toll-like receptor 2 (TLR2) was over expressed
in plaque macrophages isolated by laser capture micro dissection and correlated with atherosclerotic plaque
complexity 17. Then, we performed micro array analysis of RNA extracted from monocytes of obese women. Because
we found that TLR2 was over expressed, we searched for genes that correlated with TLR2. Structural modeling predicted
a cluster of genes that besides TLR2 contains the following genes and associated proteins: IL1 receptor-associated
kinase 3 (IRAK3), Tumor Necrosis Factor (TNF)-Associated Factor 6 (TRAF6), the myeloid differentiation marker MYD88,
TNF-alpha-induced protein 3 and 6 (TNFAIP3; TNFAIP6), the Insulin Receptor Substrate 2 (IRS2), mitogen-activated
protein kinase 13 (MAPK13), the Forkhead Box O3A (FOXO3A), and superoxide dismutase 2 (SOD2). These genes
and associated proteins form the backbone of a pathway that links the toll-like receptor-mediated inflammation with the
protection against oxidative stress by means of SOD2. Recently, we identified a protein correlating with that cluster that
may be of importance for regulating the expression of that cluster: zinc finger 217 (ZNF217).
[0067] Present application first summarizes knowledge about the function of relevant genes and associated proteins.
Thereafter examples which support our findings that some of these predicted molecules indeed are novel (bio)markers
of cardiovascular risk in association with obesity, lipid homeostais disorder related cardiovascular disease and/or an
impaired glucose tolerance condition and that some are even causal biomarkers.

The genes in the new cluster of correlating molecules

Toll-like receptors

[0068] The Toll like /Interleukin 1 receptor family consists of a large number of transmembrane proteins which are
involved in host defense and have conserved intracellular domains. This superfamily is divided into 2 subgroups based
on the components of the extracellular domains: the Toll like receptors (TLRs) with leucine-rich repeats, and the Inter-
leukin-1 receptors (IL1Rs) with immunoglobulin-like motifs. Signal transduction pathways in these receptor families
ultimately lead to activation of members of the Rel and APlfamily of transcription factors. An important mediator in this
pathway is IL1 receptor-associated kinase (IRAK1). Using a murine EST sequence encoding a polypeptide with significant
homology to IRAK1 to screen a human phytohemagglutinin-activated peripheral blood leukocyte (PBL) cDNA library,
Wesche et al. 18 isolated a full-length cDNA clone encoding a 596-amino acid protein. Sequence analysis revealed an
overall sequence similarity of 30 to 40% with IRAK1 and IRAK2 as well as structural similarity in an N-terminal death
domain and a central kinase domain. Northern blot analysis revealed expression of 3 mRNA transcripts (an approximately
8-kb doublet and a 2.5-kb species that matched the isolated cDNA) predominantly in PBL and the monocytic cell lines
U937 and THP-1, in contrast to the other IRAKs that are expressed in most cell types. Because of the restriction of
expression of this IRAK to monocytic cells, the authors termed the protein IRAKM, now called IRAK3. The IRAK3 (or
IRAKM or Interleukin-1 Receptor-Associated Kinase 3 or Interleukin-1 Receptor-Associated Kinase M) gene consists
of 12 exons spanning a region of approximately 60 kb in chromosome 12q14.3 19. Like IRAK2, the expression of IRAK3
in THP-1 cells is upregulated in the presence of phorbol ester and ionomycin, which also induce differentiation of these
cells into more mature macrophages 18. IRAK-3 (IRAK-M) is a member of the interleukine-1 receptor-associated kinase
(IRAK) family. The IRAK family is implicated in the Toll-like receptor (TLR) and Il-1R signaling pathway. IRAK3 interacts
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with the myeloid differentiation (MYD) marker MYD88 and TRAF6 signaling proteins in a manner similar to the other
IRAKs. However, Kobayashi et al. 20 showed that IRAK3, in contrast to other IRAKs, is induced upon TLR stimulation
but negatively regulates TLR signaling. IRAK3 -/- cells exhibited increased cytokine production upon TLR/IL1 stimulation
and bacterial challenge, and Irakm -/- mice showed increased inflammatory responses to bacterial infection. Endotoxin
tolerance, a protection mechanism against endotoxin shock, was significantly reduced in IRAKM -/- cells. Thus, the
authors concluded that IRAK3 regulates TLR signaling and innate immune homeostasis. IRAK-2 and IRAK-M. Data with
IRAK-M knockout mice have revealed that IRAK-M serves as a negative regulator of IL-1R/TLR signaling. In contrast
to other member of the interleukine-1 receptor-associated kinase (IRAK) family, IRAK-1 and IRAK-4 IRAK-M do not
possess any detectable kinase activity. Moreover IRAK-M expression is mainly restricted to cells of a myeloid origin.
[0069] The Homo sapiens interleukin-1 receptor-associated kinase 3 (IRAK3) mRNA has been deposited in the NCBI
database as under the accession number ACCESSION NM_007199, VERSION NM_007199.1 (LOCUS:NM_007199
2288 bp mRNA linear PRI 11-FEB-2008) with the nucleotide sequence as in sequence ID 1.
[0070] The Homo sapiens interleukin-1 receptor-associated kinase 3 (IRAK3) protein has been deposited in the NCBI
database as under the accession number ACCESSION NP_009130 VERSION NP_009130.1 GI:6005792 (LOCUS NP_
009130 596 aa linear PRI 11-FEB-2008) with the amino acid sequence as in sequence ID 2. The isoform hPA5312.2
[924 aa] Entry created: 2007-04-02 and as published by the Last update of 2007-12-12 has been depicted in Seq. ID
22 and the IRAK3 10 kDa protein - Length: 93 AS in sequence ID 23.

Tumor Necrosis Factor-Associated Factor (TRAF)

[0071] The transcription factor NF-kappa-B (NFκB) is also activated by many cytokines which signal through different
cell surface receptors. Members of the Tumor Necrosis Factor-Associated Factor (TRAF) protein family have been
implicated in the activation of this transcription factor by the tumor necrosis factor (TNF) superfamily. TRAF2 is required
for activation of this transcription factor by 2 TNF receptors, TNFR1 and TNFR2, as well as CD40, and TRAF5 may be
responsible for NFκB activation signaled by the lymphotoxin B receptor. Cao et al. 21 identified a new member of the
TRAF family, designated TRAF6. They showed that when over expressed in cultured human cells, TRAF6 activates
NFκB. A dominant-negative mutant of TRAF6 inhibited this activation signaled by interleukin-1 (IL1A). IL1A treatment
of the same cells induced the association of TRAF6 with IRAK. The findings were interpreted as indicating that TRAF
proteins function as signal transducers for distinct receptor families in that TRAF6 participates in AL1A signaling. TRAF6
is a signal transducer in the NFκB pathway that activates I-kappa-B kinase (IKK) in response to pro-inflammatory
cytokines. Cell-permeable peptides with the TRAF6-binding motif inhibited TRAF6 signaling, which indicated their po-
tential as therapeutic modulators. It was concluded that their studies identified a universal mechanism by which TRAF6
regulates several signaling cascades in adaptive immunity, innate immunity, and bone homeostasis. TRAF6 is required
for IL1 signaling. IL1B stimulation failed to induce NFκB or JNK/SAPK activation in cells from Traf6 -/- mice. Inducible
nitrous oxide synthase (INOS) production in response to TNF plus IFNG, but not to IL1, was intact in Traf6-deficient
mice. King et al. 22 generated healthy mice lacking Traf6 specifically in T lymphocytes. At 10 to 12 weeks of age, these
mice developed splenomegaly and lymphadenopathy, with increased B-cell and Cd4-positive T-cell numbers, but fewer
Cd8-positive T cells. Histopathologic analysis showed systemic inflammation in multiple organs of mutant mice. Cd4-
positive/Cd25-positive regulatory T cells were present and appeared functional in mutant mice, but proliferation of Traf6
-/- T cells could not be suppressed by wild-type or mutant regulatory T cells, suggesting the presence of a responder T-
cell mechanism necessary to render T cells susceptible to regulation. The resistance to suppression was accompanied
by hyperactivation of PI3K-dependent pathways. It was concluded that TRAF6 is important in maintaining the balance
between immune activation and suppression.
[0072] Variant (1) contains an additional segment in the 5’ UTR compared to variant 2. Both variants encode the same
protein. Source sequence(s) BC031052,BI463192 There are two transcript Variant: This variant (2) lacks a segment in
the 5’ UTR compared to variant 1. Both variants encode the same protein. Source sequence(s)
BC031052,BI463192,U78798 Consensus CDS CCDS7901.1 UniProtKB/TrEMBL A8KAB3 UniProtKB/Swiss-Prot
Q9Y4K3 The Homo sapiens TNF receptor-associated factor 6 (TRAF6) protein has been deposited in the NCBI database
as under the accession number ACCESSION NP_004611, VERSION NP_004611.1 GI:4759254, DBSOURCE REFSEQ:
accession NM_004620.2 with the amino acid sequence as in sequence ID 3.
[0073] mRNA of Homo sapiens TNF receptor-associated factor 6 (TRAF6), transcript variant 2 has been deposited
in the NCBI database as under the accession number ACCESSION NM_004620 REGION: 248..1816 VERSION NM_
004620.2 GI:22027628 (LOCUS NM_004620 1569 bp mRNA linear PRI 10-FEB-2008) with the nucleotide sequence
as in sequence ID 4.
[0074] mRNA of Homo sapiens TNF receptor-associated factor 6 (TRAF6), transcript variant 1 has been deposited
in the NCBI database as under the accession number ACCESSION BC031052 VERSION BC031052.1 GI:21410268
(LOCUS BC031052 2594 bp mRNA linear PRI 17-JUL-2006) with the nucleotide sequence as in sequence ID 5.
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Myeloid differentiation marker MYD88

[0075] The myeloid differentiation (MYD) marker MYD88 was first characterized during a study of the early genetic
responses of murine myeloid cells to various differentiation and growth inhibitory stimuli 23. Myeloid differentiation primary
response genes are activated in M1 myeloleukemic cells in response to IL6, which induces both growth arrest and
terminal differentiation. Northern blot analysis revealed widespread expression of the gene in many adult mouse tissues,
and RT-PCR detected MYD88 mRNA in T- and B-cell lines and differentiating embryonic stem cells. The broad expression
pattern demonstrated that mouse MYD88 expression is not restricted to cells of myeloid lineage as was originally believed.
Medzhitov et al.24 showed that signaling by the human TLR4 employs an adaptor protein, MYD88, and induces activation
of NFκB via IRAK1 and TRAF6 protein. These findings implicate MYD88 as a general adaptor/regulator molecule for
the Toll/IL1R family of receptors for innate immunity. Adachi et al. 25 observed that mice with a targeted disruption of
the MYD88 gene were unable to respond to IL1, as determined by defective T-cell proliferation and the production of
cytokines. Likewise, MYD88-deficient mice were unable to produce IFNG and mediate natural killer cell activity in re-
sponse to IL18. NFκB activation in response to IL1 or IL18 was also impaired. These results indicated that MYD88 is a
critical component in the IL1R and IL18R signaling cascades. Kawai et al. 26 extended these studies to show that
responses to lipopolysaccharide, mediated by TLR4 and CD14, were lost or delayed in MYD88-deficient mice, estab-
lishing that MYD88 is part of the TLR signaling cascade as well, acting just upstream of IRAK. Bjorkbacka et al. 27

examined atherosclerotic lesion development in uninfected Apoe single-null mice and Apoe -/- MYD88 - /- double-null
mice, and found that the MYD88-deficient mice showed a marked reduction in early atherosclerosis. Inactivation of the
MYD88 pathway led to a reduction in atherosclerosis through a decrease in macrophage recruitment to the artery wall
that was associated with reduced chemokine levels. The findings linked elevated serum lipid levels to a pro-inflammatory
signaling cascade that is also engaged by microbial pathogens.
[0076] mRNA of Homo sapiens Myeloid differentiation primary response gene (88) MYD88 has been deposited in
the NCBI database as under the accession number ACCESSION BC013589 VERSION BC013589.1 GI:15488922
(LOCUS BC013589, 2678 bp mRNA linear PRI 19-JUN-2006) with the mRNA nucleotide sequence as in sequence ID 6.
[0077] The MYD88 translation product of the MYD88 gene CDS 40.930 of clone "MGC: 9601 IMAGE: 3900951" is
depicted in sequence ID 7.

TNF-alpha-induced protein 3 (TNFAIP3)

[0078] TNF-alpha-induced protein 3 (TNFAIP3; or A20) is a cytoplasmic zinc finger protein that inhibits NFκB activity
and TNF-mediated programmed cell death. TNF dramatically increases TNFAIP3 mRNA expression in all tissues28, 29.
Cytokines such as TNF profoundly affect endothelial cell function, promoting, for example, interaction with leukocytes
and inducing a procoagulant phenotype. Changes of this nature are likely to be central to the pro-inflammatory effects
of TNF. Dixit et al. 28 analyzed TNF-induced primary response genes in human umbilical vein endothelial cells. Of the
6 induced cDNAs identified, 2 encoded paracrine factors, neutrophil chemotactic factor and monocyte chemotactic factor;
1 encoded a membrane receptor for neutrophils, endothelial leukocyte adhesion molecule 1 (ELAM1); and 3 encoded
hitherto undescribed TNF primary response genes. On exposure of endothelial cells to TNF, there was a rapid and
substantial increase in the levels of mRNA encoding the 6 genes, which were further superinduced by cycloheximide.
Thus these represent primary response genes, as their induction does not depend on protein synthesis. One of the 3
new proteins, designated A20 (new name TNFAIP3), was found on sequence analysis to code for a novel zinc finger
protein 30. 31 expressed TNFAIP3 and TLR4 in a human embryonic kidney cell line and observed inhibition of NFκB
activation after LPS stimulation. Mutation analysis showed that the C-terminal zinc finger domain of A20 was sufficient
for NFκB inhibition, whereas the full-length protein was required for inhibition of AP1 activation and for induction of IL8.
They concluded that TNFAIP3 (A20) modulates TLR4 signaling at or downstream of MEKK1 (MAP3K1). Wertz et al. 32

demonstrated that A20 down regulates NFκB signaling through the cooperative activity of its 2 ubiquitin-editing domains.
The N-terminal domain of TNFAIP3, which is a deubiquitinating enzyme of the OTU (ovarian tumor) family, removes
lysine-63-linked ubiquitin chains from receptor-interacting protein (RIP), an essential mediator of the proximal TNF
receptor-1 (TNFR1) signaling complex. The C-terminal domain of TNFAIP3 composed of 7 C2/C2 zinc fingers, then
functions as an ubiquitin ligase by polyubiquitinating RIP with lysine-48-linked ubiquitin chains, thereby targeting RIP
for proteasomal degradation. They defined a novel ubiquitin ligase domain and identified 2 sequential mechanisms by
which A20 downregulates NFκB signaling. They also provided an example of a protein containing separate ubiquitin
ligase and deubiquitinating domains, both of which participate in mediating a distinct regulatory effect. Lee et al. 29

generated A20-deficient mice by targeted disruption. A20 +/- mice appeared normal without evidence of pathology. A20
-/- mice, born from interbred A20 +/- mice in Mendelian ratios, developed runting as early as 1 week of age. Mice deficient
for A20 developed severe inflammation and cachexia, were hypersensitive to both lipopolysaccharide and TNF, and
died prematurely. A20-deficient cells failed to terminate TNF-induced NFκB responses. These cells were also more
susceptible than control cells to undergo TNF-mediated program cell death. Thus, A20 is critical for limiting inflammation
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by terminating TNF-induced NFκB responses in vivo. Using mice doubly deficient in either A20 and Tnf or A20 and
Tnfr1, Boone et al. 33 showed that, in addition to terminating TNF-induced signals, A20 is required for terminating TLR
(e.g., TLR4)-induced activity of NFκB. Mutation and immunoblot analyses indicated that A20 acts, via its conserved
OTU-like domain, as a deubiquitinating enzyme on ubiquitinated TRAF6. In mice subjected to aortic banding, Cook et
al. 34 detected greater than 4-fold A20 upregulation (p less than 0.05) at 3 hours, coinciding with peak NFκB activation.
Cardiomyocytes infected with an adenoviral vector (Ad) encoding A20 inhibited TNF-stimulated NFκB signaling with an
efficacy comparable to dominant-negative inhibitor of kappa-B kinase-beta (IKBKB). Ad-IKBKB-infected cardiomyocytes
exhibited increased apoptosis when serum-starved or subjected to hypoxia-reoxygenation, whereas Ad-A20-infected
cardiomyocytes did not. Expression of Ad-A20 inhibited the hypertrophic response in cardiomyocytes stimulated with
phenylephrine or endothelin-1. They concluded that A20 is dynamically regulated during acute biomechanical stress in
the heart and functions to attenuate cardiac hypertrophy through the inhibition of NFκB signaling without sensitizing
cardiomyocytes to apoptosis.
[0079] mRNA of Homo sapiens TNF-alpha-induced protein 3 (TNFAIP3; or A20) has been deposited in the NCBI
database as under the accession number ACCESSION M59465 J05610 VERSION M59465.1 GI: 177865 (LOCUS
HUMA20 4426 bp mRNA linear PRI 30-OCT-1994) with the mRNA nucleotide sequence as in sequence ID 8.
[0080] The human tumor necrosis factor alpha inducible protein A20 translation product of the CDS 67.2439 of the
TNFAIP1 gene is depicted in sequence ID 9.

TNF-alpha-induced protein 6 (TNFAIP6)

[0081] Lee et al. 35 described a gene, which they designated TSG6 (current name TNFAIP6), that is transcribed in
normal fibroblasts and activated by binding of TNF-alpha and IL1 at AP-1 and NF-IL6 sites in its promoter. The cDNA
was isolated from a library made from TNF-treated human fibroblasts. TNFAIP6 is a member of the hyaluronan-binding
protein family, which includes cartilage link protein, proteoglycan core protein, and the adhesion receptor CD44. The
predicted polypeptide is 277 amino acids long and includes a typical cleavage signal peptide. TNFAIP6 is highly homol-
ogous to CD44, particularly in the hyaluronic acid-binding domain. Western blots with antibodies made to a TNFAIP6
fusion protein detected a 39-kD glycoprotein in TNF-treated cells, and hyaluronate binding was shown by co-precipitation.
TNFAIP6 expression is rapidly activated by TNF-alpha, IL1, and lipopolysaccharide in normal fibroblasts, peripheral
blood mononuclear cells, synovial cells, and chondrocytes.
[0082] mRNA of Homo sapiens Homo sapiens tumor necrosis factor, alpha-induced protein 6 (TNFAIP6) has been
deposited in the NCBI database as under the accession number ACCESSION NM_007115 VERSION NM_007115.2
GI: 26051242 (LOCUS NM_007115 1440 bp mRNA linear PRI 11-FEB-2008) with the mRNA nucleotide sequence as
in sequence ID 10.
[0083] The translated product from the CDS 77.910 of the TNFAIP6 gene is depicted in Sequence ID 11.

Insulin Receptor Substrates

[0084] The Insulin Receptor Substrate 1 (IRS1) acts as an interface between signaling proteins with Src homology-2
domains (SH2 proteins) and the receptors for insulin, IGF2, growth hormone, several interleukins, and other cytokines.
It regulates gene expression and stimulates mitogenesis and appears to mediate insulin/IGF1-stimulated glucose trans-
port. Thus, the finding that the homozygous Irs1 KO mouse survives with only mild resistance to hypertension was
surprising. This dilemma was provisionally resolved by the discovery by Sun et al. 36 of a second IRS signaling protein
in mouse. They purified and cloned a likely candidate from mouse myeloid progenitor cells and, because of its resemblance
to IRS1, they designated it IRS2. Withers et al. 37 demonstrated that homozygous absence of the Irs2 gene results in
type II diabetes in mice. Heterozygous and wild type animals were unaffected. The authors demonstrated profound
insulin resistance in both skeletal muscle and liver in the homozygous Irs2 -/mice. Male mice lacking the Irs2 locus
showed polydypsia and polyuria without ketosis and died from dehydration and hyperosmolar coma. A similar disease
progression was observed in female mice, with the exception that the females rarely died. The authors concluded that
dysfunction of IRS2 may contribute to the pathogenesis of human type II diabetes. Tobe et al. 38 observed that Irs2-
deficient mice showed increased adiposity with increased serum leptin level, suggesting leptin resistance before the
mice developed diabetes. Using oligonucleotide micro array and Northern blot analyses to analyze gene expression
they detected increased expression of SREBP1, a downstream target of insulin, in Irs2-deficient mouse liver. Using high
dose leptin administration, they provided evidence that leptin resistance in Irs2-deficient mice is causally related to
SREBP1 gene induction. The authors concluded that Irs2 gene disruption results in leptin resistance, causing SREBP1
gene induction, obesity, fatty liver, and diabetes. Taguchi et al. 39 showed that, in mice, less Irs2 signaling throughout
the body or only in brain extended life span up to 18%. At 22 months of age, brain-specific Irs2 knockout mice were
overweight, hyperinsulinemic, and glucose intolerant; however, compared with control mice, they were more active and
displayed greater glucose oxidation, and during meals they displayed stable SOD2 concentrations in the hypothalamus.
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Thus, they concluded that less Irs2 signaling in aging brains can promote healthy metabolism, attenuate meal-induced
oxidative stress, and extend the life span of overweight and insulin-resistant mice.
[0085] mRNA of Homo sapiens insulin receptor substrate 1 (IRS1) has been deposited in the NCBI database as under
the accession number ACCESSION NM_005544 VERSION NM_005544.1 GI: 5031804 (LOCUS NM_005544 5828 bp
mRNA linear PRI 16-MAR-2008) with the mRNA nucleotide sequence as in sequence ID 12.
[0086] The translation product of the CDS 1021.4749 IRS1gene is depicted in sequence ID 13.

Mitogen-activated protein kinase 13

[0087] Mitogen-activated protein kinase (MAPK) cascades represent one of the major signal systems used by eukary-
otic cells to transduce extracellular signals into cellular responses. Goedert et al. 40 isolated cDNAs encoding a protein
that they designated SAPK4 (current name MAPK13). The sequence of the predicted 365-amino acid protein is approx-
imately 60% identical to those of SAPK3 (or p38-gamma), SAPK2a (or p38), and SAPK2b. Like those SAPKs, SAPK4
has a TGY dual phosphorylation motif and is activated in response to cellular stresses and pro-inflammatory cytokines.
Wang et al. 41 also isolated SAPK4 cDNAs. Using Northern blot analysis, they compared the expression patterns of
SAPK4 (designated p38-delta by them), SAPK2a, SAPK2b, and SAPK3 in 50 human tissues. They detected 2 SAPK4
transcripts: a predominant 1.8-kb mRNA and a lower abundance 6-kb mRNA. The highest levels of expression were
observed in exocrine/endocrine tissues including salivary gland, pituitary gland, adrenal gland and placenta. Recently,
it has been shown that MAP kinase activation is contributing to atherosclerosis 42, 43
[0088] mRNA of Homo sapiens mitogen-activated protein kinase 13 (MAPK13), has been deposited in the NCBI
database as under the accession number ACCESSION NM_002754 VERSION NM_002754.3 GI: 20986527 (LOCUS
NM_002754 1888 bp mRNA linear PRI 21-MAR-2008) with the mRNA nucleotide sequence as in sequence ID 14.
[0089] The translation product of the CDS 99.1196 of the MAPK13 gene is depicted in the sequence ID 15.

FOXO3A

[0090] Survival factors can suppress apoptosis in a transcription-independent manner by activating the serine/threo-
nine kinase AKT1, which then phosphorylates and inactivates components of the apoptotic machinery, including BAD
and caspase-9. Brunet et al. 44 demonstrated that AKT1 also regulates the activity of FKHRL1 (current name FOXO3A).
In the presence of survival factors, AKT1 phosphorylates FKHRL1, leading to the association of FKHRL1 with 14-3-3
proteins and its retention in the cytoplasm. Survival factor withdrawal leads to FKHRL1 dephosphorylation, nuclear
translocation, and target gene activation. Within the nucleus, FKHRL1 most likely triggers apoptosis by inducing the
expression of genes that are critical for cell death, such the TNF ligand superfamily 6 (TNFSF6). Nemoto and Finkel 45

observed that exposure to intracellular ROS induced an increase in phosphorylated Fkhrl1 and a shift from a nuclear to
a cytosolic localization. They found that serum starvation, a stimulus that increases oxidative stress, resulted in lower
levels of hydrogen peroxide in Shc1 -/- cells or in cells expressing a ser36-to-ala (S36A) Shc1 mutant compared with
wild type cells. Serum starvation also increased Fkhrl1-dependent transcriptional activity, which was further augmented
in the Shc1-deficient cells. Increased ROS exposure failed to induce increased Fkhrl1 phosphorylation in the mutant
cells. Essers et al. 46 reported an evolutionarily conserved interaction of beta-catenin with FOXO transcription factors,
which are regulated by insulin and oxidative stress signaling. In mammalian cells, beta-catenin binds directly to FOXO
and enhances FOXO transcriptional activity. In C. elegans, loss of the beta-catenin BAR1 reduces the activity of the
FOXO ortholog DAF16 in dauer formation and life span. Association of beta-catenin with FOXO was enhanced in cells
exposed to oxidative stress. Furthermore, BAR1 was required for the oxidative stress-induced expression of the DAF16
target gene sod3 and for resistance to oxidative damage. They concluded that their results demonstrated a role for beta-
catenin in regulating FOXO function that is particularly important under conditions of oxidative stress.
[0091] mRNA of Homo sapiens forkhead box 03 (FOXO3), transcript variant 1, has been deposited in the NCBI
database as under the accession number ACCESSION NM_001455 VERSION NM_001455.3 GI: 146260266 with the
mRNA nucleotide sequence as in sequence ID 16.
[0092] The translation product of the CDS 344.2365 of the human forkhead box 03 (FOXO3), transcript variant 1 is
depicted in sequence ID 17.

Superoxide dismutase 2

[0093] The superoxide dismutase 2 (SOD2; or manganese or mitochondrial superoxide dismutase) gene encodes an
intramitochondrial free radical scavenging enzyme that is the first line of defense against superoxide produced as a by-
product of oxidative phosphorylation. Li et al. 47 inactivated the Sod2 gene in transgenic mice by homologous recombi-
nation. Homozygous mutant mice died within the first 10 days of life with a dilated cardiomyopathy, accumulation of lipid
in liver and skeletal muscle, and metabolic acidosis. The findings suggested SOD2 that is required for normal biologic



EP 2 260 301 B9

16

5

10

15

20

25

30

35

40

45

50

55

function of tissues by maintaining the integrity of mitochondrial enzymes susceptible to direct inactivation by superoxide.
Oxidative stress has been implicated in many diseases. The chief source of reactive oxygen species (ROS) within the
cell is the mitochondrion. ROS have been implicated in a wide range of degenerative processes including amyotrophic
lateral sclerosis, ischemic heart disease, Alzheimer disease, Parkinson disease, and aging. ROS are generated by
mitochondria as the toxic by-products of oxidative phosphorylation, their energy generating pathway. Melov et al. 48

characterized a variety of biochemical and metabolic effects of inactivation of the mouse sod2 gen. The Sod2 mutant
mice exhibited a tissue-specific inhibition of the respiratory chain enzymes NADH-dehydrogenase (complex I) and
succinate dehydrogenase (complex II), inactivation of the tricarboxylic acid cycle enzyme aconitase, development of a
urinary organic aciduria in conjunction with a partial defect in 3-hydroxy-3-methylglutaryl-CoA lyase, and accumulation
of oxidative DNA damage. Treatment with an SOD mimetic, MnTBAP, rescued Sod2 -/- mutant mice from this systemic
pathology and dramatically prolonged their survival. Surviving animals developed a pronounced movement disorder
progressing to total debilitation by 3 weeks of age. Neuropathologic evaluation showed a striking spongiform degeneration
of the cortex and specific brainstem nuclei, associated with gliosis and intramyelinic vacuolization similar to that observed
in cytotoxic edema and disorders associated with mitochondrial abnormalities such as Leigh disease and Canavan
disease. Their data suggested that because of the failure of MnTBAP to cross the blood-brain barrier progressive
neuropathology is caused by excessive mitochondrial production of ROS 48.
[0094] mRNA of Homo sapiens superoxide dismutase 2, mitochondrial (SOD2), nuclear gene encoding mitochondrial
protein, transcript variant 1, has been deposited in the NCBI database as under the accession number ACCESSION
NM_000636 VERSION NM_000636.2 GI:67782304 (LOCUS NM_000636 1593 bp mRNA linear PRI 30-MAR-2008)
with the mRNA nucleotide sequence as in sequence ID 18.
[0095] The translation product of the CDS 155.823 Homo sapiens superoxide dismutase 2, mitochondrial (SOD2),
nuclear gene encoding mitochondrial protein, transcript variant 1 gene is depicted in sequence ID 19.
[0096] The biomarkers, i.e. the genes identified hereinbefore, according to the invention include substantially identical
homologues and variants of the nucleic acid molecules and expression products thereof described herein, for example,
a molecule that includes nucleotide sequences encoding polypeptides functionally equivalent to the biomarkers of the
invention, e.g., sequences having one or more nucleotide substitutions, additions, or deletions, such as allelic variants
or splice variants or species variants or molecules differing from the nucleic acid molecules and polypeptides referred
to in the Tables herein due to the degeneracy of the genetic code. Species variants are nucleic acid sequences that
vary from one species to another, although the resulting polypeptides generally will have significant amino acid identity
and functional similarity relative to each other. A polymorphic variant (e.g., a single nucleotide polymorphism or SNP)
is a variation in the nucleic acid sequence of a particular gene between individuals of a given species.
[0097] A "substantially identical" sequence is an amino acid or nucleotide sequence that differs from a reference
sequence only by one or more conservative substitutions, as discussed herein, or by one or more non-conservative
substitutions, deletions, or insertions located at positions of the sequence that do not destroy the biological function of
the amino acid or nucleic acid molecule. Such a sequence can be any integer from 10% to 99%, or more generally at
least 10%, 20%, 30%, 40%, 50, 55% or 60%, or at least 65%, 75%, 80%, 85%, 90%, or 95%, or as much as 96%, 97%,
98%, or 99% identical when optimally aligned at the amino acid or nucleotide level to the sequence used for comparison
using, for example, the Align Program (Myers and Miller, CABIOS, 1989, 4:11-17) or FASTA. For polypeptides, the
length of comparison sequences may be at least 2, 5, 10, or 15 amino acids, or at least 20, 25, or 30 amino acids. In
alternate embodiments, the length of comparison sequences may be at least 35, 40, or 50 amino acids, or over 60, 80,
or 100 amino acids. For nucleic acid molecules, the length of comparison sequences may be at least 5, 10, 15, 20, or
25 nucleotides, or at least 30, 40, or 50 nucleotides. In alternate embodiments, the length of comparison sequences
may be at least 60, 70, 80, or 90 nucleotides, or over 100, 200, or 500 nucleotides. Sequence identity can be readily
measured using publicly available sequence analysis software (e.g., Sequence Analysis Software Package of the Ge-
netics Computer Group, University of Wisconsin Biotechnology Center, 1710 University Avenue, Madison, Wis. 53705,
or BLAST software available from the National Library of Medicine, or as described herein). Examples of useful software
include the programs Pile-up and Pretty Box. Such software matches similar sequences by assigning degrees of homology
to various substitutions, deletions, substitutions, and other modifications. Alternatively, or additionally, two nucleic acid
sequences may be "substantially identical" if they hybridize under high stringency conditions. In some embodiments,
high stringency conditions are, for example, conditions that allow hybridization comparable with the hybridization that
occurs using a DNA probe of at least 500 nucleotides in length, in a buffer containing 0.5 M NaHPO4, pH 7.2, 7% SDS,
1 mM EDTA, and 1% BSA (fraction V), at a temperature of 65[deg.]C, or a buffer containing 48% formamide, 4.8x SSC,
0.2 M Tris-Cl, pH 7.6, Ix Denhardt’s solution, 10% dextran sulfate, and 0.1% SDS, at a temperature of 42[deg.]C. (These
are typical conditions for high stringency northern or Southern hybridizations.) Hybridizations may be carried out over
a period of about 20 to 30 minutes, or about 2 to 6 hours, or about 10 to 15 hours, or over 24 hours or more. High
stringency hybridization is also relied upon for the success of numerous techniques routinely performed by molecular
biologists, such as high stringency PCR, DNA sequencing, single strand conformational polymorphism analysis, and in
situ hybridization. In contrast to northern and Southern hybridizations, these techniques are usually performed with
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relatively short probes (e.g., usually about 16 nucleotides or longer for PCR or sequencing and about 40 nucleotides or
longer for in situ hybridization). The high stringency conditions used in these techniques are well known to those skilled
in the art of molecular biology, and examples of them can be found, for example, in Ausubel et al., Current Protocols in
Molecular Biology, John Wiley & Sons, New York, N. Y., 1998.

Zinc finger 217 (ZNF217)

[0098] Studies in which comparative genomic hybridization was used revealed approximately 20 regions of recurrent
increased DNA sequence copy number in breast tumors 49, 50. These regions are predicted to encode dominantly acting
genes that may play a role in tumor progression or response to therapy. Three of these regions had been associated
with established oncogenes: ERBB2 at 17q12, MYC at 8q24, and CCND1 and EMS1 at 11q13. In breast cancer, ERBB2
and CCND1/EMS1 amplification and overexpression are associated with decreased life expectancy, whereas MYC
amplification has been associated with lymph node involvement, advanced stage, and an increased rate of relapse.
Amplification at 20q13 occurs in a variety of tumor types and is associated with aggressive tumor behavior. Kallioniemi
et al. 50 found increased copy number involving 20q13 in 40% of breast cancer cell lines and 18% of primary breast
tumors. Other comparative genomic hybridization studies revealed copy number gains at 20q13 in greater than 25% of
cancers of the ovary, colon, head and neck, brain, and pancreas. Collins et al. 51 reported the molecular cloning of an
approximately 1-Mb region at 20q13.2 involved in recurrent amplification in breast cancer and other tumors, and the
delineation of a 260-kb common region of amplification. Analysis of the 1-Mb region produced evidence of 5 genes, of
which ZNF217 and NABC1 (novel amplified in breast cancer-1) emerged as strong candidate oncogenes and were
characterized in detail. ZNF217 was found to be centrally located in the 260-kb common region of amplification, tran-
scribed in multiple normal tissues, and overexpressed in all cell lines and tumors in which it was amplified and in 2 in
which it was not. ZNF217 was predicted to encode alternatively spliced, Kruppel-like transcription factors of 1,062 and
1,108 amino acids, each having a DNA-binding domain (8 C2H2 zinc fingers) and a proline-rich transcription activation
domain. One of the previously known genes identified in the region of amplification was the CYP24 gene.
[0099] Over-expression of the zinc-finger protein 217 (ZNF217), a candidate oncogene on 20q13.2, in cultured human
mammary and ovarian epithelial cells can lead to their immortalization, indicating that selection for ZNF217 expression
may drive 20q13 amplification during critical early stages of cancer progression. ZNF217 can also attenuate apoptotic
signals resulting from exposure to doxorubicin, suggesting that ZNF217 expression may also be involved in resistance
to chemotherapy. Recent findings indicate that ZNF217 binds specific DNA sequences, recruits the co-repressor C-
terminal binding protein (CtBP), and represses the transcription of a variety of genes. Inappropriate expression of ZNF217
may lead to aberrant down-regulation of genes involved in limiting the proliferation, survival, and/or invasiveness of
cancer cells. Better understanding of ZNF217 and its associated pathways may provide new targets for therapeutic
intervention in human cancers 52.
[0100] Huang et al 53 presented evidence that ZNF217 can attenuate apoptotic signals resulting from telomere dys-
function as well as from doxorubicin-induced DNA damage and that silencing ZNF217 with siRNA restores sensitivity
to doxorubicin. Moreover, elevated ZNF217 leads to increased phosphorylation of Akt, whereas inhibition of the phos-
phatidylinositol 3 kinase pathway and Akt phosphorylation decreases ZNF217 protein levels and increases sensitivity
to doxorubicin. These results suggest that ZNF217 may promote neoplastic transformation by increasing cell survival
during telomeric crisis and may promote later stages of malignancy by increasing cell survival during chemotherapy.
Transforming growth factor-beta (TGF-beta) is a tumor suppressor, the function of which is compromised in many types
of human cancer, including breast cancer. The tumor suppressive effects of TGF-beta are caused by potent inhibition
of cell proliferation due to cell cycle arrest in the G1 phase. Such antiproliferative responses are mediated by a signaling
system that includes two types of cell surface receptors and intracellular signal transducers, the SMAD proteins. Different
molecular mechanisms can lead to loss of antiproliferative TGF-beta responses in tumor cells, including mutations in
components of the signaling system and inhibition of the SMAD signaling pathway by aberrant activities of various
regulatory molecules 54. Thillainadesan et al 55 demonstrated that stimulation of HaCaT cells with transforming growth
factor beta (TGF-beta) resulted in a release of ZNF217 and a concomitant binding of SMAD2 to the proximal promoter,
which preceded increases in ink4b protein expression. Furthermore, the changes in chromatin marks at the p15 (ink4b)
promoter following TGF-beta stimulation were similar to those observed following ZNF217 down-regulation. Collectively,
these results establish the ZNF217 complex as a novel negative regulator of the p15 (ink4b) gene and may constitute
an important link between amplification of ZNF217 and the loss of TGF-beta responsiveness in breast cancer. The
regulation of TGF-beta in human monocytes is also important in regulating the balance between macrophage deactivating
and macrophage activating effects 56.
[0101] mRNA and protein of Homo sapiens Zinc finger 217 (ZNF217), has been deposited in the NCBI database as
under the accession number ACCESSION NM_006526.2 (deposited 21-DEC-2008) and NP_006517.1 (deposited 21-
DEC-2008) respectively with the mRNA nucleotide sequence as in sequence ID 24 (Zinc finger 217 (ZNF217) 1..5653,
organism="Homo sapiens" mRNA") and the protein as in sequence ID 25 (zinc finger protein 217 organism="Homo
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sapiens" protein" 1..1048)

Methods to determine the gene expression / activity

Preparation of Reagents Using Biomarkers

[0102] The biomarkers described herein may be used to prepare oligonucleotide probes and antibodies that hybridize
to or specifically bind the biomarkers mentioned herein, and homologues and variants thereof.

Antibodies or other binding agents

[0103] The in vitro method of analyzing the level of IRAK3 expression or activity of expression product in a biological
sample isolated from said subject, an of analyzing the level of IRAK3 expression or activity of an IRAK3 expression
product in combination with the gene expression level or activity of a gene product of at least one gene selected from
the group consisting of SOD2, TNFAIP6, TNFAIP3, TLR2, and IRS2 may for present invention also be carried of a
binding assay. Methods, techniques and equipment for performing such binding assays will also be clear to the skilled
person. For the binding assay, the binding agent may also be immobilized on a suitable support, as will be again clear
to the skilled person.
[0104] An "antibody" includes molecules having antigen binding regions, such as whole antibodies of any isotype (IgG,
IgA, IgM, IgE, etc.) and fragments thereof. Antibody fragments include Fab’, Fab, F(ab’)2, single domain antibodies, Fv,
scFv, etc. Antibodies may be prepared using standard techniques of preparation as, for example, described in Harlow
and Lane (Harlow and Lane Antibodies; A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.,
1988), or known to those skilled in the art. For example, a coding sequence for a polypeptide biomarker of the invention
may be purified to the degree necessary for immunization of rabbits. To attempt to minimize the potential problems of
low affinity or specificity of antisera, two or three polypeptide constructs may be generated for each protein, and each
construct may be injected into at least two rabbits. Antisera may be raised by injections in a series, preferably including
at least three booster injections. Primary immunizations may be carried out with Freund’s complete adjuvant and sub-
sequent immunizations with Freund’s incomplete adjuvant. Antibody titers may be monitored by Western blot and im-
munoprecipitation analyses using the purified protein. Immune sera may be affinity purified using CNBr-Sepharose-
coupled protein. Antiserum specificity may be determined using a panel of unrelated proteins. Antibody fragments may
be prepared recombinantly or by proteolytic cleavage. Peptides corresponding to relatively unique immunogenic regions
of a polypeptide biomarker of the invention may be generated and coupled to keyhole limpet hemocyanin (KLH) through
an introduced C-terminal lysine. Antiserum to each of these peptides may be affinity purified on peptides conjugated to
BSA, and specificity tested in ELISA and Western blots using peptide conjugates and by Western blot and immunopre-
cipitation.
[0105] Monoclonal antibodies which specifically bind any one of the polypeptide biomarkers of the invention are
prepared according to standard hybridoma technology (see, e.g., Kohler et al., Nature 256:495, 1975; Kohler et al., Eur.
J. Immunol. 6:511, 1976; Kohler et al., Eur. J. Immunol. 6:292, 1976; Hammerling et al., In Monoclonal Antibodies and
T Cell Hybridomas, Elsevier, N. Y., 1981). Alternatively monoclonal antibodies may be prepared using the polypeptides
of the invention and a phage display library (Vaughan et al., Nature Biotech 14:309-314, 1996). Once produced, mon-
oclonal antibodies may also be tested for specific recognition by Western blot or immunoprecipitation.
[0106] In some embodiments, antibodies may be produced using polypeptide fragments that appear likely to be
immunogenic, by criteria such as high frequency of charged residues. Antibodies can be tailored to minimize adverse
host immune response by using chimerical antibodies contain an antigen binding domain from one species and the Fc
portion from another species, or by using antibodies made from hybridomas of the appropriate species.
[0107] An antibody "specifically binds" an antigen when it recognizes and binds the antigen, for example, a biomarker
as described herein, but does not substantially recognize and bind other molecules in a sample. Such an antibody has,
for example, an affinity for the antigen which is at least 2, 5, 10, 100, 1000 or 10000 times greater than the affinity of the
antibody for another reference molecule in a sample. Specific binding to an antibody under such conditions may require
an antibody that is selected for its specificity for a particular biomarker. For example, a polyclonal antibody directed
against a biomarker from a specific species such as rat, mouse, or human may be selected for only those polyclonal
antibodies that are specifically immunoreactive with the biomarker and not with other proteins, except for polymorphic
variants and alleles of the biomarker. In some embodiments, a polyclonal antibody raised to a biomarker from a specific
species such as rat, mouse, or human may be selected for only those polyclonal antibodies that are specifically immu-
noreactive with the biomarker from that species and not with other proteins, including polymorphic variants and alleles
of the biomarker.
[0108] In principle any suitable binding agent that can specifically binds the IRAK3 expression product and for the
combined assay any suitable binding agent that can specifically binds SOD2, TNFAIP6, TNFAIP3, TLR2, and/or IRS2
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can be used in the binding assay of present invention. For example, the binding agent can be a protein or polypeptide
that is capable of specifically binding, such as an antibody that is capable of specifically binding; a part of fragment of
an antibody, in which said part or fragment is capable of specifically binding; or a protein or polypeptide that contains
and/or comprises one or more parts of fragments of an antibody, in which at least one of said parts or fragments is
capable of specifically binding. In particular, said part or fragment may be a variable domain, such as a heavy chain
variable domain and/or a light chain variable domain, or a ScFv comprising both a heavy chain variable domain and/or
a light chain variable domain. Such antibodies and fragments, and methods for obtaining the same, will be clear to the
skilled person; reference is for example made to Roitt et al., "Immunology" (6th. Ed.), Mosby/Elsevier, Edinburgh (2001);
and Janeway et al., "Immunobiology" (6th Ed.), Garland Science Publishing/Churchill Livingstone, New York (2005).
According to one preferred, but non-limiting embodiment, the binding agent can be a so-called "heavy chain antibody"
that is capable of specifically binding the expression products IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, and/or IRS2;
a part of fragment of a heavy chain antibody, in which said part or fragment is capable of specifically binding to these
expression products; or a protein or polypeptide that contains and/or comprises one or more parts of fragments of a
heavy chain antibody, in which at least one of said parts or fragments is capable of specifically binding these expression
products(for example, a multivalent protein containing two or more such fragments. Heavy chain antibodies and methods-
for obtaining the same have been described in the art, see for example the following references, that are cited as general
background art: WO 94/04678 (=EP 656 946), WO 96/34103 (=EP 0 822 985) and WO 97/49805 by Vrije Universiteit
Brussel; WO 97/49805 by Vlaams Interuniversitair Instituut voor Biotechnologie; WO 94/25591 (=EP 0 698 097) and
WO 00/43507 by Unilever N.V.; WO 01/90190 by the National Research Council of Canada; WO 03/025020 (=EP 1 433
793) by the Institute of Antibodies; WO 04/062551, WO 04/041863, WO 04/041865, WO 04/041862 by applicant; as
well as for example Hamers-Casterman et al., Nature, Vol. 363, p. 446 (1993) and Riechmann and Muyldermans, Journal
of Immunological Methods, 231 (1999), p. 25-38. For example, heavy chain antibodies against a desired antigen can
be obtained from a species of Camelid or of Chondrostei immunized with said antigen, as described in the general prior
art mentioned above. As also mentioned in the above references, naturally occurring heavy chain antibodies do not
contain the light chains present in naturally occurring conventional 4-chain antibodies (that natively contain both heavy
chains and light chains). Because of this, such naturally occurring heavy chain antibodies have also been referred to in
the art as "single chain antibodies" (see for example WO 02/085945; and not to be confused with so-called "single chain
Fv’s" or "scFv’s", which are synthetic polypeptides comprising a VH domain covalently linked to a VL domain) and as
"immunoglobulins devoid of light chains" (see for example EP 0 656 946 and some of the further general background
art mentioned above), which terms for the purposes of the present description should be considered equivalent to the
term "heavy chain antibody" as used herein. As also mentioned in these references, the heavy chains of naturally
occurring heavy chain antibodies contain CH3 domains, CH2 domains and a variable domain, but-in addition to the light
chains-lack the CH1 domains present in the heavy chains of naturally occurring conventional 4-chain antibodies. Herein,
the variable domains from naturally occurring heavy chain antibodies will also be referred to as "VHH domains", in order
to distinguish said variable domains from the variable domains from conventional 4-chain antibodies, which are commonly
referred to as "VH domains". Generally, VHH domains have a structure that retains the immunoglobulin fold of conventional
VH domains. However, compared to VH domains, VHH domains contain one or more substitutions in their amino acid
sequence (and in particular in their framework regions) that make the region(s)/residues of the VHH domain that in a VH
domain would form the VH/VL interphase more hydrophobic (see the general background art cited above). Also, as
mentioned in the general background art cited above, heavy chain antibodies and VHH domains have the major advantage
that they are capable of binding an antigen without the presence of any light chains or light chain variable domains,
respectively. This makes heavy chain antibodies and VHH domains easier to obtain, to develop, to prepare (in particular)
on a large scale, to use and/or to bind to a support than conventional 4-chain antibodies or light chain or heavy chain
variable domains thereof. For example, the immobilization of VHH domains on a solid support has been described in the
International application WO 01/40310 by Hindustan Lever Limited.
According to a particularly preferred embodiment, the binding agent is a variable domain sequences of heavy chain
antibodies, for which term reference is made to the prior art mentioned above, to US20080096223, US20070077249,
US20060062784, US20050271663, WO2007063311, WO2007063308, WO2006122786 and WO2005033130 Gener-
ally, such ligands can be described as proteins that have some of the functional properties and structural features that
are characteristic of naturally occurring VHH domains. They may for example be a naturally occurring VHH domain, a
"humanized" or human VHH domains or a "camelized" VH domains, as well as a partially or fully synthetic protein, as
long as the foregoing have (at least some of) the functional properties and structural features that are characteristic of
naturally occurring VHH domains.
[0109] Alternatively in the binding assays and diagnostic method of present invention aptamer sequences which
specifically bind to RNA or DNA sequences or expression products of SOD2, TNFAIP6, TNFAIP3, TLR2, and/or IRS2
are used. As used herein, the terms "aptamer(s)" or "aptamer sequence(s)" are meant to refer to single stranded nucleic
acids (RNA or DNA) whose distinct nucleotide sequence determines the folding of the molecule into a unique three
dimensional structure. Aptamers comprising 15 to 120 nucleotides can be selected in vitro from a randomized pool of
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oligonucleotides (1014-1015 molecules). Any aptamers of the invention as described herein further contemplates the
use of both native and modified DNA and RNA bases, such as beta-D-Glucosyl-Hydroxymethyluracil. Aptamer sequences
can be isolated through methods such as those disclosed in co-pending U.S. patent application Ser. No. 10/934,856,
entitled, "Aptamers and Methods for their In vitro Selection and Uses Thereof," . It is contemplated that the sequences
described herein may be varied to result in substantially homologous sequences which retain the same function as the
original. As used herein, a polynucleotide or fragment thereof is "substantially homologous" (or "substantially similar")
to another if, when optimally aligned (with appropriate nucleotide insertions or deletions) with the other polynucleotide
(or its complementary strand), using an alignment program such as BLASTN (Altschul, S. F., Gish, W., Miller, W., Myers,
E. W. & Lipman, D. J. (1990) "Basic local alignment search tool." J. Mol. Biol. 215:403-410), and there is nucleotide
sequence identity in at least about 80%, preferably at least about 90%, and more preferably at least about 95-98% of
the nucleotide bases. Nucleic acids encoding sequences of SOD2, TNFAIP6, TNFAIP3, TLR2 and/or IRS2 or their
expression products can also be isolated from expression libraries using antibodies as probes. Such polyclonal or
monoclonal antibodies can be raised using methods known in the art (see, e.g., Harlow and Lane, Antibodies: A Laboratory
Manual (1988).

Probes and Primers

[0110] A "probe" or "primer" is a single-stranded DNA or RNA molecule of defined sequence that can base pair to a
second DNA or RNA molecule that contains a complementary sequence (the target). The stability of the resulting hybrid
molecule depends upon the extent of the base pairing that occurs, and is affected by parameters such as the degree of
complementarity between the probe and target molecule, and the degree of stringency of the hybridization conditions.
The degree of hybridization stringency is affected by parameters such as the temperature, salt concentration, and
concentration of organic molecules, such as formamide, and is determined by methods that are known to those skilled
in the art. Probes or primers specific for the nucleic acid biomarkers described herein, or portions thereof, may vary in
length by any integer from at least 8 nucleotides to over 500 nucleotides, including any value in between, depending on
the purpose for which, and conditions under which, the probe or primer is used. For example, a probe or primer may be
8, 10, 15, 20, or 25 nucleotides in length, or may be at least 30, 40, 50, or 60 nucleotides in length, or may be over 100,
200, 500, or 1000 nucleotides in length. Probes or primers specific for the nucleic acid biomarkers described herein may
have greater than 20-30% sequence identity, or at least 55-75% sequence identity, or at least 75-85% sequence identity,
or at least 85-99% sequence identity, or 100% sequence identity to the nucleic acid biomarkers described herein. Probes
or primers may be derived from genomic DNA or cDNA, for example, by amplification, or from cloned DNA segments,
and may contain either genomic DNA or cDNA sequences representing all or a portion of a single gene from a single
individual. A probe may have a unique sequence (e.g., 100% identity to a nucleic acid biomarker) and/or have a known
sequence. Probes or primers may be chemically synthesized. A probe or primer may hybridize to a nucleic acid biomarker
under high stringency conditions as described herein.

Diagnostic Use

[0111] In a preferred embodiment, the invention involves methods to assess quantitative and qualitative aspects of
the biomarker gene expression(s). In one example the decreased expression of an IRAK3 gene or gene product as
provided by the present invention is indicative for the progression of a metabolic syndrome disorder in a subject or the
increased risk to develop related cardiovascular diseases in said subject. Techniques well known in the art, e.g., quan-
titative or semiquantitative RT PCR for instance real time RT PCR, for instance mRNA analysis by the fluorescence-
based real-time reverse transcription polymerase chain reaction (qRT-PCR or RT-qPCR) or reverse transcription loop-
mediated amplification (RT-LAMP), for instance one-step RT-LAMP, or real-time NASBA for detection, quantification
and differentiation of the RNA and DNA targets (LOENS K. et al. Journal of microbiological methods 2006, vol. 67, no3,
pp. 408-415, or Northern blot, can be used to measure expression levels of IRAK3.
[0112] The measurement of IRAK3 gene expression levels may include measuring naturally occurring IRAK3 tran-
scripts and variants thereof as well as non-naturally occurring variants thereof. The diagnosis and/or prognosis of met-
abolic syndrome disorder in a subject, however is preferably directed to detecting a naturally occurring IRAK3 gene
product or variant thereof. Thus, the invention relates to methods of diagnosing and/or predicting metabolic syndrome
disorder in a subject by measuring the expression of an IRAK3 gene in a subject. For example a decreased level of
mRNA encoded by an IRAK3 nucleic acid sequence (e.g., SEQ ID NO: 1).
[0113] Diagnostic methods for the detection of IRAK3 nucleic acid molecules, in patient samples or other appropriate
cell sources, may involve the pre-amplification of specific gene sequences, e.g., by PCR (SeeMullis, K. B., 1987, U. S.
Patent No.4, 683,202), followed by the analysis of the amplified molecules using techniques well known to those of skill
in the art, such as, for example, those listed above. Utilizing analysis techniques such as these, amplified sequences
can be compared to the levels in control samples.
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[0114] In a particular embodiment, the analyzing techniques include the application of detectably-labeled probes or
primers. The probes or primers can be detectably-labeled, either radioactively or non-radioactively, by methods that are
known to those skilled in the art, and their use in the methods according to the invention, involves nucleic acid hybridization,
such as nucleic acid sequencing, nucleic acid amplification by the polymerase chain reaction (e.g., RT-PCR), single
stranded conformational polymorphism (SSCP) analysis, restriction fragment polymorphism (RFLP) analysis, Southern
hybridization, northern hybridization, in situ hybridization, electrophoretic mobility shift assay (EMSA), fluorescent in situ
hybridization (FISH), and other methods that are known to those skilled in the art.
[0115] By "detectably labeled" is meant any means for marking and identifying the presence of a molecule, e.g., an
oligonucleotide probe or primer, a gene or fragment thereof, or a cDNA molecule. Methods for detectably-labeling a
molecule are well known in the art and include, without limitation, radioactive labeling (e.g., with an isotope such as 32P
or 35S) and nonradioactive labeling such as, enzymatic labeling (for example, using horseradish peroxidase or alkaline
phosphatase), chemiluminescent labeling, fluorescent labeling (for example, using fluorescein), bioluminescent labeling,
or antibody detection of a ligand attached to the probe. Also included in this definition is a molecule that is detectably
labeled by an indirect means, for example, a molecule that is bound with a first moiety (such as biotin) that is, in turn,
bound to a second moiety that may be observed or assayed (such as fluorescein-labeled streptavidin). Labels also
include digoxigenin, luciferases, and aequorin.

Immunoassays

[0116] Antibodies that specifically bind any of the biomarkers described herein may be employed in an immunoassay
by contacting a sample with the antibody and detecting the presence of a complex of the antibody bound to the biomarker
in the sample. The antibodies used in an immunoassay may be produced as described herein or known in the art, or
may be commercially available from suppliers, such as Dako Canada, Inc., Mississauga, ON. The antibody may be fixed
to a solid substrate (e.g., nylon, glass, ceramic, plastic, etc.) before being contacted with the sample, to facilitate sub-
sequent assay procedures. The antibody-biomarker complex may be visualized or detected using a variety of standard
procedures, such as detection of radioactivity, fluorescence, luminescence, chemiluminescence, absorbance, or by
microscopy, imaging, etc. Immunoassays include immunohistochemistry, enzyme- linked immunosorbent assay (ELISA),
western blotting, and other methods known to those of skill in the art. Immunoassays can be used to determine presence
or absence of a biomarker in a sample as well as the amount of a biomarker in a sample. The amount of an antibody-
biomarker complex can be determined by comparison to a reference or standard, such as a polypeptide known to be
present in the sample. The amount of an antibody-biomarker complex can also be determined by comparison to a
reference or standard, such as the amount of the biomarker in a reference or control sample. Accordingly, the amount
of a biomarker in a sample need not be quantified in absolute terms, but may be measured in relative terms with respect
to a reference or control.
[0117] Detection of the biomarkers described herein may enable a medical practitioner to determine the appropriate
course of action for a subject (e.g., further testing, drug or dietary therapy, surgery, no action, etc.) based on the diagnosis.
Detection of the biomarkers described herein may also help determine the presence or absence of a metabolic syndrome
disorder, early diagnosis of a metabolic syndrome disorder, prognosis of a metabolic syndrome disorder, efficacy of a
therapy for a metabolic syndrome disorder, or monitoring a metabolic syndrome disorder therapy in a subject. In alternative
aspects, the biomarkers and reagents prepared using the biomarkers may be used to identify metabolic syndrome
disorder therapeutics. The methods according to the invention allow a medical practitioner to monitor a metabolic syn-
drome disorder therapy in a subject, enabling the medical practitioner to modify the treatment based upon the results
of the test.
[0118] A particular embodiment of present invention is also an in vitro method of diagnosing a metabolic syndrome
disorder phenotype in a subject, said method comprising: (a) analyzing the level of ZNF217 expression or activity of
expression product in a biological sample isolated from said subject, and (b) compare said level of expression or activity
with the ZNF217 expression or activity in a control sample; whereby a increased level of ZNF217 expression or activity
relative to a control sample is an indication of such metabolic syndrome disorder phenotype or a propensity thereto.

Measuring ZNF217 expression

[0119] Another particular embodiment of present invention is an in vitro method of diagnosing a metabolic syndrome
disorder, or a propensity thereto in a subject, said method (a) obtaining an expression profile in a biological sample
isolated from said subject, wherein said expression profile consists of the analysis of the level of ZNF217 expression or
activity of an ZNF217 expression product in combination with the gene expression level or activity of a gene product of
at least one gene selected from the group consisting of SOD2, TNFAIP6, TNFAIP3, TLR2, IRAK3 and IRS2; and (b)
comparing said obtained expression profile to a reference expression profile to determine whether said sample is from
subject having a metabolic syndrome disorder phenotype or a propensity thereto.
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[0120] The present invention can comprise the above described in vitro methods wherein the metabolic syndrome
disorder is an impaired adipose tissue accumulation or adipocyte function, an impaired glucose tolerance condition, an
insulin resistance or type II diabetes disorder, a lipid homeostasis disorder or a cardiovascular disease related thereto.
Such cardiovascular disease can hereby be of the group consisting of hypertension, coronary heart disease, heart failure,
congestive heart failure, atherosclerosis, arteriosclerosis, stroke, cerebrovascular disease, myocardial infarction and
peripheral vascular disease.
[0121] Such in vitro methods as described hereabove can comprise analyzing the level of ZNF217 expression or
activity of expression product in a sample isolated from said subject, whereby a decreased level of ZNF217 expression
or activity relative to a control sample is an indication of such adipose tissue disorder, lipid homeostasis disorder and/or
an impaired glucose tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity
thereto. The expression product can be a nucleic acid molecule selected from the group consisting of mRNA and cDNA
mRNA or derived polypeptides. Moereover the in vitro method can be carried out on a sample isolated form said subject
is selected from a group consisting of a) a liquid containing cells; (b) a tissue-sample; (c) a cell-sample and (a) a cell
biopsy. Such sample can comprise haematopoietic cells or blood cells. For instance the sample can comprise at least
one myeloid cell or debris thereof or the sample can comprise at least one of monocytes or peripheral blood mononuclear
cells or debris thereof. Moreover the in-vitro method as described above can be by carrying out the detection of the level
of the nucleic acids or polypeptides is carried using at least one binding agent specifically binding to the nucleic acids
or polypeptides to be detected. The binding agent can be detectably labelled and the label can be selected from the
group consisting of a radioisotope, a bioluminescent compound, a chemiluminescent compound, a fluorescent compound,
a metal chelate, biotin, digoxygenin and an enzyme. The in vitro methods described above can be wherein at least one
binding agent is an aptamer or an antibody selected from a group comprising

• (a) a monoclonal antibody;

• (b) a polyclonal antibody;

• (c) a Fab-Fragment; and

• (d) a single chain antibody.

• (e) an antibody variable domain sequence.

[0122] The detection can comprise an immuno-cytochemical detection procedure or a procdure wherein at least one
binding agent being a nucleic acid hybridising to a nucleic acid for the detection of the marker molecules, in particular
for the detection of ZNF217 alone or in combination with a gene of the group consisting of IRAK3, SOD2, TNFAIP6,
TNFAIP3, TLR2 and ISR2. Furthermore the detection reaction can comprise a nucleic acid amplification reaction. Finally
the abobve described in vitro method can be for in-situ detection.
[0123] The present invention also comprises an vitro method for identifying or monitoring a metabolic syndrome
disorder therapy in a subject said method comprising analysing the level of ZNF217 expression or activity of expression
product in a sample isolated from said subject before and after treatment with said therapy, whereby an increased level
of ZNF217 compared to a sample of said subject before the therapy is indicative for the efficacy of said therapy.
[0124] Other embodiments of the invention will be apparent to those skilled in the art from consideration of the spec-
ification and practice of the invention disclosed herein. It is intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the invention being indicated by the following claims.

Drawing Description

BRIEF DESCRIPTION OF THE DRAWINGS

[0125] The present invention will become more fully understood from the detailed description given herein below and
the accompanying drawings which are given by way of illustration only, and thus are not limitative of the present invention,
and wherein:

Figure 1 demonstrates the predicted cardiovascular risk (by Framingham risk scoring or FRS) and metabolic syn-
drome-related characteristics of controls (n=25), and obese women (n=95). *** P<0.001 compared to controls.
Figure 2: displays the predicted cardiovascular risk (by Framingham risk scoring or FRS) and metabolic syndrome-
related components of obese women without (n=35) and with (n=60) diabetes. *, **, *** P<0.05, P<0.01, and P<0.001
compared to obese women without diabetes.
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Figure 3: demonstrates the predicted cardiovascular risk (by Framingham risk scoring or FRS) and metabolic
syndrome-related characteristics of obese women (N=14) without diabetes before and 3 months after bariatric
surgery. *, **, *** P<0.05, P<0.01, and P<0.001 compared to values before weight loss.
Figure 4: provides the top ten canonical signaling pathways which were identified by means of Ingenuity Pathways
Analysis (Ingenuity Systems® Ingenuity IPA 5.5 - 802, www.ingenuity.com). The significance of the association
between the dataset and the canonical pathway was measured in 2 ways. First, a ratio (yellow squares) of the
number of genes which were differentially expressed in monocytes of obese women and were assigned to a particular
signaling pathway to the total number of genes that belong to this signaling canonical pathway and were present
on the microchip. Second, the Fischer’s exact test was used to calculate a p-value determining the probability that
the association between the differentially expressed genes in the dataset and the assigned genes in the canonical
pathway is not explained by chance alone. The threshold was P=0.01.
Figure 5: displays the proposed structural model that predicts the interactions between the TLR2 and the PI3K/AKT
pathway. Flow of the pathways at the protein interaction level is indicated by black arrows. Blunted arrows indicate
inhibition. Phosphorylation is indicated by a circled P. Note that both Foxo3a and NFκB are regulated at the level
of nuclear transport. NFκB is translocated to the nucleus after dissociation from the phosphorylated IκB. Foxo3a is
a direct target of AKT/PKB and the phosphorylated transcription is unable to enter the nucleus and become active.
Red arrows indicate downstream transcriptional events. Dashed arrows indicate the hypothetical involvement of
Foxo3a in the transcription of TRAF6 and IRAK3. Dark grey: unregulated genes; light grey; down regulated genes;
white: genes of which the expression is not different in monocytes of lean controls and obese women.
Figure 6 is a schematic view of the conserved NFKβ-binding sites in the TLR2 promoter.
Figure 7: displays common transcription factor binding sites in the promoters of TNFAIP3, MAPK13, and SOD2.
Figure 8: displays the results of RT-PCR analysis of indicated genes in monocytes from control and obese women;
obese women without and with diabetes are combined. **, *** P<0.01, and P<0.001 compared to controls
Figure 9: provides a comparison of RNA expression before and after weight loss. Individual data before weight loss
were expressed as a ratio compared to a pool of 29 samples of non-obese women. Individual data after weight loss
were expressed as a ratio compared to values before weight loss. **, *** P<0.01, and P<0.001 compared to before.
Figure 10: An example of hierarchical clustering analysis based on Euclidean distance after normalization. Group
attribution: lean controls (green), obese persons without cardiovascular risk equivalents (yellow), and obese persons
with cardiovascular risk equivalents (red). Cardiovascular risk equivalents are: an at least 10% risk of developing a
cardiovascular disease within the next 10 years based on Framingham scoring and/or diabetes and or metabolic
syndrome (at least 3 metabolic syndrome or MetSyn components as defined above).
Figure 11: An example of Principal component analysis of 6-10 variables (indicated on figure 10) for 119 participants.
Color attributions are as in figure 10. We are showing two views for the same PCA along two different factorial axes.
Figure 12: Determination of RNA expression of specific cells in suspension combines flow cytometry with in situ
hybridization. After blood draw (a), monocytes in whole blood are labeled with a specific monocyte specific antibody
carrying a marker (b). Next, riboprobes that carry a marker for detection are added for in situ hybridization (c). Multi-
color flow cytometry detects markers simultaneously (d). Data is analyzed to generate a risk profile (e).
Figure 13: Example 1 of biosensor approach. After blood draw (a), monocytes in whole blood are labeled with a
monocyte specific antibody carrying a magnet to remove them from whole blood (b). Next, RNA is isolated from the
monocytes (c). Target RNAs hybridize with their complementary molecular beacons immobilized onto the recognition
layer of the biosensor, generating a fluorescent signal that is transduced by the transductor layer of the biosensor (d).
Figure 14: Example 2 of biosensor approach. After blood draw (a), monocytes in whole blood are labeled with a
monocyte specific antibody carrying a magnet to remove them from whole blood (b). Next, unlabelled rib probes
are added to the cell suspension for in situ hybridization with target mRNAs (c). Unbound rib probes can hybridize
with their complementary molecular beacons immobilized onto the recognition layer of the biosensor, generating a
fluorescent signal that is inversely related to the expression of the target mRNAs (d).

Gene Expression Profiling

[0126] The present invention relates to an in vitro method of diagnosing a metabolic syndrome disorder phenotype in
a subject, said method comprising: (a) analyzing the level of IRAK3 expression or activity of expression product in a
biological sample isolated from said subject, and (b) compare said level of expression or activity with the IRAK3 expression
or activity in a control sample; whereby a decreased level of IRAK3 expression or activity relative to a control sample is
an indication of such metabolic syndrome disorder phenotype or a propensity thereto or to an in vitro method of diagnosing
a metabolic syndrome disorder, or a propensity thereto in a subject, said method (a) obtaining an expression profile in
a biological sample isolated from said subject, wherein said expression profile consists of the analysis of the level of
IRAK3 expression in combination with the gene expression level of at least one gene selected from the group consisting
of SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 and ZNF217; and (b) comparing said obtained expression profile to a reference
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expression profile to determine whether said sample is from subject having a metabolic syndrome disorder phenotype
or a propensity thereto. Furthermore the present invention relates to an in vitro method of diagnosing adipose tissue
disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition and/or related
cardiovascular disease or a propensity thereto in a subject, said method comprising:

(a) analyzing the level of IRAK3 expression in a biological sample isolated from said subject, and (b) compare said
level of expression with the IRAK3 expression in a control sample; whereby a decreased level of IRAK3 expression
relative to a control sample is an indication of such adipose tissue disorder, lipid homeostasis disorder and/or an
impaired glucose tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity
thereto or to an in vitro method of diagnosing an adipose tissue disorder, lipid homeostasis disorder and/or an
impaired glucose tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity
thereto, or a propensity thereto in a subject, said method (a) obtaining an expression profile in a biological sample
isolated from said subject, wherein said expression profile consists of the analysis of the level of IRAK3 expression
in combination with the gene expression level or activity of a gene product of at least one gene selected from the
group consisting of SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 and ZNF217; and
(b) comparing said obtained expression profile to a reference expression profile to determine whether said sample
is from subject having an adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose tolerance
or insulin resistance condition and/or related cardiovascular disease or a propensity thereto

Furthermore the present invention concerns a method for classifying individuals having or suspected of having a metabolic
syndrome disorder phenotype as a responder or a non-responder to first line treatment, comprising the steps of measuring
the gene expression of IRAK3 in a biological sample obtained from the individual to obtain a gene expression profile,
and comparing the gene expression profile to that of a suitable control.
Another embodiment of present invention is method for classifying individuals having or suspected of having a metabolic
syndrome disorder phenotype as a responder or a non-responder to first line treatment, comprising the steps of measuring
the gene expression of IRAK3 expression or activity of an IRAK3 expression product in combination with the gene
expression level or activity of a gene product of at least one gene selected from the group consisting of SOD2, TNFAIP6,
TNFAIP3, TLR2, IRS2 and ZNF217; in a biological sample obtained from the individual to obtain a gene expression
profile, and comparing the gene expression profile to that of a suitable control.
This method is used for predicting the optimal course of therapy for patients having an adipose tissue disorder, lipid
homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition and/or related cardiovascular
disease or a propensity thereto using a diagnostic oligonucleotide set or gene expression profile as described herein,
via classification of a individual having or suspected of having a an adipose tissue disorder, lipid homeostasis disorder
and/or an impaired glucose tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity
thereto as being either a "responder"’ or ’non-responder" to first-line therapy. In one embodiment, the methods described
herein may be used to predict the optimal course of therapy, or identify the efficacy of a given treatment in an individual
having, or suspected of having an adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose
tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity thereto. In other embod-
iments, the methods described herein may be used to predict the optimal course of therapy post-diagnosis, for example,
after treatment of an individual having an adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose
tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity thereto has begun, such
that the therapy may be changed or adjusted, in accordance with the outcome of the diagnostic methods.
The present invention also relates to diagnostic oligonucleotides and diagnostic oligonucleotide sets and methods of
using the diagnostic oligonucleotides and oligonucleotide sets to diagnose or monitor disease, assess severity of disease,
predict future occurrence of disease, predict future complications of disease, determine disease prognosis, evaluate the
patient’s risk, "stratify" or classify a group of patients, assess response to current drug therapy, assess response to
current non-pharmacological therapy, identify novel therapeutic compounds, determine the most appropriate medication
or treatment for the patient, predict whether a patient is likely to respond to a particular drug, and determine most
appropriate additional diagnostic testing for the patient, as well as other clinically and epidemiologically relevant appli-
cations. As set forth above, the term "diagnostic oligonucleotide set" generally refers to a set of two or more oligonucle-
otides that, when evaluated for differential expression of their products, collectively yields predictive data. Such predictive
data typically relates to diagnosis, prognosis, monitoring of therapeutic outcomes, and the like. In general, the components
of a diagnostic oligonucleotide set are distinguished from nucleotide sequences that are evaluated by analysis of the
DNA to directly determine the genotype of an individual as it correlates with a specified trait or phenotype, such as a
disease, in that it is the pattern of expression of the components of the diagnostic nucleotide set, rather than mutation
or polymorphism of the DNA sequence that provides predictive value. It will be understood that a particular component
(or member) of a diagnostic nucleotide set can, in some cases, also present one or more mutations, or polymorphisms
that are amenable to direct genotyping by any of a variety of well known analysis methods, e.g., Southern blotting, RFLP,
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AFLP, SSCP, SNP, and the like.
In another embodiment of the present invention, a gene expression system useful for carrying out the described methods
is also provided. This gene expression system can be conveniently used for determining a diagnosis, prognosis, or
selecting a treatment for patients having or suspected of having an adipose tissue disorder, lipid homeostasis disorder
and/or an impaired glucose tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity
thereto In one embodiment, the methods disclosed herein allow one to classify an individual of interest as either
a "responder" or a "non-responder" to first-line treatment using a gene expression profile. For purposes of the methods
disclosed herein, the term "responder" refers to a patient that responds to first line therapy and does not require a second
induction of remission during the year following the induction of remission. In contrast, the term "non-responder" refers
to a patient having an adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin
resistance condition and/or related cardiovascular disease or a propensity thereto that will require a second induction
of remission using any therapy. For example, treatment non-responders may require more than one course of a medi-
cament of the group consisting of poglitazone, rosiglitazone, netoglitazone, rivoglitazone (CS-011), FK-614, tesaglitazar
(AZ-242), ragaglitazar (N,N-622), muraglitazar (BMS-298585), edaglitazone (BM-13-1258), metaglidasen (MBX-102),
naveglitazar (LY-519818), MX-6054, LY-510929, AMG-131(T-131), THR-0921), voglibose, acarbose, miglitol, emiglitate,
phenformin, metformin, buformin, Vidagliptin (LAF237), P32/98, Sitagliptin (MK-431), P93/01, PT-100, saxagliptin (BMS-
477118), T-6666, TS-021), AJ-9677, GLP-1, GLP-1MR agent, N,N-2211, AC-2993 (exendin-4), BIM-51077, Aib(8,35)
hGLP-1 (7,37)NH2, CJC-[131], pramlintide, sodium vanadate, BVT-3498, AS-2868 Ro-28-1675, and GIP (Glucose-
dependent insulinotropic peptide) or a medicament of the group consisting of pravastatin, simvastatin, lovastatin, ator-
vastatin, fluvastatin, rosuvastatin, pitavastatin N--[[(3R,5S)-1-(3-acetoxy-2,2-dimethylpropyl)-7-chloro-5-(2,3-dimethox-
yphenyl)-2-oxo-1,2,3,5-tetrahydro-4,1-benzoxazepin-3-yl]acetyl] piperidine-4-acetic acid, ciprofibrate, fenofibrate, bez-
afibrate, clofibrate, simfibrate, clinofibrate, Avasimibe, Eflucimibe, colestyramine, probucol, nicomol, niceritrol, ethyl
icosapentate, soysterol and γ-oryzanol or a medicament of the group consisting of dexfenfluramine, fenfluramine, phen-
termine, sibutramine, amfepramone, dexamphetamine, mazindol, phenylpropanolamine, clobenzorex, SB-568849;
SNAP-7941, CP-422935, SR-141716, SR-147778, BVT-3498, orlistat, cetilistat (ATL-962)), AJ-9677,leptin, CNTF (Cil-
iary Neurotropic Factor), lintitript, FPL-15849 or a nutricuetical.
Thus, in accordance with the methods, a classification of an individual as a "responder" indicates that first line treatment
is likely to be successful in treating the adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose
tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity thereto, and as such, may
be the treatement of choice, while an individual identified as being a non-responder would generally not be an ideal
candidate for traditional first-line therapies.
Rather, an individual identified as a non-responder would likely benefit from more aggressive, or second-line therapies
typically reserved for individuals that have not responded to first-line treatment.
Classifying patients as either a "responder" or a "non-responder" is advantageous, in that it allows one to predict the
optimal course of therapy for the patient. This classification may be useful at the outset of therapy (at the time of diagnosis)
or later, when first-line therapy has already been initiated, such that treatment may be altered to the benefit of the patient.
In general, the method of using a gene expression profile or gene expression system for diagnosing an individual as a
responder or a non-responder comprises measuring the gene expression of IRAK3 and a gene identified in any of tables
3 - 12 or the sequence listing. Gene expression, as used herein, may be determined using any method known in the art
reasonably calculated to determine whether the expression of a gene is upregulated, down-regulated, or unchanged,
and may include measurement of RNA or the gene product itself.
In one embodiment, an individual is characterized as a responder or nonresponder to first line therapy via measurement
of the expression of IRAK3 one or more genes of tables 3 - 12 in the individual as compared to the expression of one
or more genes of tables 3 - 12 in a suitable control (such as an individual previously determined to be a responder or
non responder). In another embodiment the one or more genes are selected from Table 3. In another embodiment the
one or more genes are selected from Table 4. In another embodiment the one or more genes are selected from Table
5. In another embodiment the one or more genes are selected from Table 6. In another embodiment the one or more
genes are selected from Table 7. In another embodiment the one or more genes are selected from Table 8. In another
embodiment the one or more genes are selected from Table 9. In another embodiment the one or more genes are
selected from Table 10. In another embodiment the one or more genes are selected from Table 11. In another embodiment
the one or more genes are selected from Table 12. The genes selected for measurement of expression may be selected
on the basis of fold difference.
In yet another embodiment, the method of identifying an individual having or suspected of having an adipose tissue
disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition and/or related
cardiovascular disease or a propensity thereto such as comprises the steps of: 1) providing an array set immobilized
on a substrate, wherein the array set comprises one or more oligonucleotides derived from IRAK3 or derived from SOD2,
TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217, or the Sequence Listing in this application, 2) providing a labeled target
obtained from mRNA isolated from a biological sample from a patient having an adipose tissue disorder, lipid homeostasis
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disorder and/or an impaired glucose tolerance or insulin resistance condition and/or related cardiovascular disease or
a propensity thereto, 3) hybridizing the labeled target to the array set under suitable hybridization conditions such that
the labeled target hybridizes to the array elements, 4) determining the relative amounts of gene expression in the patient’s
biological sample as compared to a reference sample by detecting labeled target that is hybridized to the array set; 5)
using the gene expression profile to classify the patient as a responder or a non-responder; and 6) predicting the optimal
course of therapy based on said classification.
The one or more sequences that comprise the array elements may be selected from any of the sequences listed in
Tables 3-12 or the Sequence Listing in this application. In one embodiment, the gene expression system comprises one
or more array elements wherein the one or more array elements correspond to sequences selected from those sequences
listed in Tables 3-12, or the Sequence Listing. In one embodiment, the array set comprises the sequences listed on
IRAK3. In another embodiment, the array set comprises the sequences listed on of SOD2, TNFAIP6, TNFAIP3, TLR2,
IRS2 and ZNF217.
The present invention also relates to an apparatus for predicting the optimal course of therapy in a patient having an
adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition
and/or related cardiovascular disease or a propensity thereto. The apparatus comprises a solid support having an array
set immobilized thereon, wherein labeled target derived from mRNA from a patient of interest is hybridized to the one
or more sequences of the array set on the solid support, such that a change in gene expression for each sequence
compared to a reference sample or other suitable control may be determined, permitting a determination of the optimal
course of therapy for the patient. The array set comprises one or more sequences selected from those sequences IRAK3,
SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217 listed in the Sequence Listing described herein.
[0127] In yet another embodiment, the method of classifying an individual having or suspected of having an adipose
tissue disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition and/or
related cardiovascular disease or a propensity thereto as a responder or non-responder comprises the steps of: 1)
obtaining mRNA isolated from a biological sample from a patient having or suspected of having an adipose tissue
disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition and/or related
cardiovascular disease or a propensity thereto, 2) reverse transcribing mRNA to obtain the corresponding DNA; 3)
selecting suitable oligonucleotide primers corresponding to IRAK3 and one or more genes selected from SOD2, TNFAIP6,
TNFAIP3, TLR2, IRS2 and ZNF217 which sequence listed herein, 4) combining the DNA and oligonucleotide primers
in a suitable hybridization solution; 5) incubating the solution under conditions that permit amplification of the sequences
corresponding to the primers; and 6) determining the relative amounts of gene expression in the patient’ s biological
sample as compared to a reference sample or other suitable control; wherein the resulting gene expression profile can
be used to classify the patient as a responder or a non-responder. In other embodiments, real time PCR methods or
any other method useful in measuring mRNA levels as known in the art may also be used. Alternatively, measurement
of one or more gene products using any standard method of measuring protein (such as radioimmunoassay methods
or Western blot analysis) may be used to determine a gene expression profile.
The methods of gene expression profiling that may be used with the methods and apparatus described herein are well-
known in the art. In general, methods of gene expression profiling can be divided into methods based on hybridization
analysis of polynucleotides, and methods based on sequencing of polynucleotides. Commonly used methods known in
the art for the quantification of mRNA expression in a sample include northern blotting and in situ hybridization (Parker
& Barnes, Methods in Molecular Biology 106:247 283 (1999)), RNAse protection assays (Hod, Biotechniques 13:852
854 (1992)), and reverse transcription polymerase chain reaction (RT-PCR) (Weis et al., Trends in Genetics 8:263 264
(1992)), or modified RT-PCR methods, such as that described in US Patent 6,618,679 or in Methods in Molecular Biology
# 193: RT-PCR Protocols by Joe O’connell Publisher: Humana Press or Real-Time PCR: Current Technology and
Applications Publisher: Caister Academic Press January 2009. Alternatively, antibodies, antibody fragments, domain
antibodies or nanobodies may be employed that can recognize specific duplexes, including DNA duplexes, RNA duplexes,
and DNA-RNA hybrid duplexes or DNA-protein duplexes. Representative methods for sequencing-based gene expres-
sion analysis include Serial Analysis of Gene Expression (SAGE) and gene expression analysis by massively parallel
signature sequencing (MPSS). In one embodiment described herein, gene array technology such as microarray tech-
nology is used to profile gene expression.

Arrays and Microarray Technologies

[0128] Array and microarray techniques known in the art to determine gene expression may be employed with the
invention described herein. Where used herein, array refers to either an array or microarray. An array is commonly a
solid-state grid containing sequences of polynucleotides or oligonucleotides (array elements) of known sequences are
immobilized at a particular position (also referred to as an "address") on the grid. Microarrays are a type of array termed
as such due to the small size of the grid and the small amounts of nucleotide (such as nanogram, nanomolar or nanoliter
quantities) that are usually present at each address. The immobilized array elements (collectively, the "array set") serve
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as hybridization probes for cDNA or cRNA derived from messenger RNA (mRNA) isolated from a biological sample. An
array set is defined herein as one or more DNA fragments or oligonucleotides, as defined above, that are immobilized
on a solid support to form an array.
In one embodiment, for example, the array is a "chip" composed, e.g., of one of the above specified materials. Polynu-
cleotide probes, e.g., RNA or DNA, such as cDNA, synthetic oligonucleotides, and the like, or binding proteins such as
antibodies, that specifically interact with expression products of individual components of the candidate library are affixed
to the chip in a logically ordered manner, i.e., in an array. In addition, any molecule with a specific affinity for either the
sense or anti-sense sequence of the marker nucleotide sequence (depending on the design of the sample labeling),
can be fixed to the array surface without loss of specific affinity for the marker and can be obtained and produced for
array production, for example, proteins that specifically recognize the specific nucleic acid sequence of the marker,
ribozymes, peptide nucleic acids (PNA), or other chemicals or molecules with specific affinity.
The techniques described herein, including array and microarray techniques, may be used to compare the gene expres-
sion profile of a biological sample from a patient of interest to the gene expression profile of a reference sample or other
suitable control. The gene expression profile is determined by first extracting RNA from a biological sample of interest,
such as from a patient diagnosed with an adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose
tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity thereto. The RNA is then
reverse transcribed into cDNA and labeled. In another embodiment, the cDNA may be transcribed into cRNA and labeled.
The labeled cDNA or cRNA forms the target that may be hybridized to the array set comprising probes selected according
the methods described herein. The reference sample obtained from a control patient is prepared in the same way. In
one embodiment, both a test sample and reference sample may be used, the targets from each sample being differentially
labeled (for example, with fluorophores having different excitation properties), and then combined and hybridized to the
array under controlled conditions. In general, the labeled target and immobilized array sets are permitted, under appro-
priate conditions known to one of ordinary skill in the art, to hybridize such that the targets hybridize to complementary
sequences on the arrays. After the array is washed with solutions of appropriately determined stringency to remove or
reduce non-specific binding of labeled target, gene expression may be determined. The ratio of gene expression between
the test sample and reference sample for a given gene determines the color and/or intensity of each spot, which can
then be measured using standard techniques as known in the art. Analysis of the differential gene expression of a given
array set provides an "expression profile" or "gene signature" for that array set.
The expression profile is the pattern of gene expression produced by the experimental sample, wherein transcription of
some genes are increased or decreased compared to the reference sample. Amplification methods using in vitro tran-
scription may also be used to yield increased quantities of material to array where sample quantities are limited. In one
embodiment, the Nugen Ovation amplification system may be incorporated into the protocol, as described below. Com-
mercially-produced, high-density arrays such as those manufactured by Affymetrix GeneChip (available from Affymetrix,
Santa Clara, CA) containing synthesized oligonucleotides may be used with the methods disclosed herein. In one
embodiment, the HGU133 Plus Version 2 Affymetrix GeneChip may be used to determine gene expression of an array
sets comprising sequences listed in Tables 4-8 or the Sequence Listing. In another embodiment, customized cDNA or
oligonucleotide arrays may be manufactured by first selecting one or more array elements to be deposited on the array,
selected from one or more sequences of IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217 listed in this
application or of natural sequence variations on these human genes or homologs and variants of the disclosed nucleic
acid molecules. Purified PCR products or other suitably derived oligonucleotides having the selected sequence may
then be spotted or otherwise deposited onto a suitable matrix. The support may be selected from any suitable support
known in the art, for example, microscope slides, glass, plastic or silicon chips, membranes such as nitrocellulose or
paper, fibrous mesh arrangement, nylon filter arrays, glass-based arrays or the like. The array may be a chip array, a
plate array, a bead array, a pin array, a membrane array, a solid surface array, a liquid array, an oligonucleotide array,
a polynucleotide array, a cDNA array, a microfilter plate, a membrane or a chip. Where transparent surfaces such as
microscope slides are used, the support provides the additional advantage of two-color fluorescent labeling with low
inherent background fluorescence. The gene expression systems described above, such as arrays or microarrays, may
be manufactured using any techniques known in the art, including, for example, printing with fine-pointed pins onto glass
slides, photolithograpahy using dynamic micromirror devices, ink-jet printing, or electrochemistry on microelectrode
arrays.
Oligonucleotide adherence to the slide may be enhanced, for example, by treatment with polylysine or other cross-linking
chemical coating or by any other method known in the art. The DNA or oligonucleotide may then be cross-linked by
ultraviolet irradiation and denatured by exposure to either heat or alkali. The microarray may then be hybridized with
labeled target derived from mRNA from one or more samples to be analyzed. For example, in one embodiment, cDNA
or cRNA obtained from mRNA from colon samples derived from both a patient diagnosed with metabolic syndrome and
a healthy control sample is used. The samples may be labeled with different detectable labels such as, for example,
fluorphores that exhibit different excitation properties. The samples may then be mixed and hybridized to a single
microarray that is then scanned, allowing the visualization of up-regulated or down- regulated genes. The DualChip TM
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platform available from Eppendorf is an example of this type of array.
The probes affixed to the solid support in the gene expression system comprising the array elements may be a candidate
library, a diagnostic agent, a diagnostic oligonucleotide set or a diagnostic probe set. In one embodiment of the present
invention, the one or more array elements comprising the array set are selected from those sequences of IRAK3, SOD2,
TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217 listed in this application or of natural sequence variations on these human
genes or homologs and variants of the disclosed nucleic acid molecules.

Determination of Array Sets

[0129] A global pattern of gene expression in biological samples such as blood cells, blood monocyte preferable a
myeloid cell from patients with adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose tolerance
or insulin resistance condition and/or related cardiovascular disease at diagnosis (CDD), treated CD patients refractory
to first line therapy (chronic refractory, CDT), and healthy controls can be determined. cRNA can be prepared from
biopsies obtained from endoscopically affected segments, predominantly the ascending colon, with control biopsies
obtained from matched segments in healthy patients. cRNA can be labeled and then hybridized. RNA obtained from a
pool of RNA from one normal specimen can be labeled and hybridized with each batch of new samples to serve as an
internal control for batch to batch variability in signal intensity. Results can be interpreted utilizing a proper software e.g.
GeneSpring™ 7.3 Software (Silicon Genetics). Differentially expressed genes are then identified by filtering levels of
gene-specific signal intensity for statistically significant differences when grouped by clinical forms (e.g. healthy control
versus diagnosis for adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin
resistance condition and/or related cardiovascular disease and healthy control versus chronic refractory to first line
therapy).

Determination of a Gene Expression Profile

[0130] The present invention is related to methods of detecting gene expression using a gene expression system
having one or more array elements wherein the array elements comprise one or more sequence that corresponds to
sequence selected from IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217 listed in this application or of natural
sequence variations on these human genes or homologs and variants of the disclosed nucleic acid molecules, forming
an array set. From IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217 listed in this application or of natural
sequence variations on these human genes or homologs and variants of the disclosed nucleic acid molecules, it should
be understood by one of ordinary skill in the art that standard methods of data analysis or using the disclosed methods
(such as cluster analysis, K-nearest neighbors class prediction algorithms, or class prediction analysis using appropriately
selected parameters) can be used to identify a smaller number of array elements, while still retaining the predictive
characteristics of the array sets disclosed herein. Non-limiting examples of data analysis that may be used are listed
below. In one embodiment, an array may be used to determine gene expression as described above. For example, PCR
amplified inserts of cDNA clones may be applied to a substrate in a dense array. These cDNA may be selected from
one or more of those sequences of IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217 listed in this application
or of natural sequence variations on these human genes or homologs and variants of the disclosed nucleic acid molecules.
The probes, immobilized on the selected substrate, are suitable for hybridization under conditions with appropriately
determined stringency, such that targets binding non-specifically to the substrate or array elements are substantially
removed. Appropriately labeled targets generated from mRNA are generated using any standard method as known in
the art. For example, the targets may be cDNA targets generated through incorporation of fluorescent nucleotides by
reverse transcription of RNA extracted from tissues of interest. Alternatively, biotin labeled targets may be used, such
as using the method described herein. It should be clear that any suitable oligonucleotide-based target may be used.
In another embodiment, suitably labeled cRNA targets may be used. Regardless of the type of target, the targets are
such that the labeled targets applied to the chip hybridize to complementary probes on the array. After washing to
minimize non-specific binding, the chip may be scanned by confocal laser microscopy or by any other suitable detection
method known in the art, for example, a CCD camera. Quantification of hybridization at each spot in the array allows a
determination of corresponding mRNA expression. With dual color fluorescence, separately labeled cDNA targets gen-
erated from two sources of RNA are hybridized pairwise to the array. The relative abundance of the transcripts from the
two sources corresponding to each specified gene can then be determined simultaneously. (See Schena et al., Proc.
Natl. Acad. Sci. USA 93(2): 106 149 (1996)). Microarray analysis can be performed by commercially available equipment,
following manufacturer’s protocols, such as by using the Affymetrix GenChip technology, or Incyte’s microarray tech-
nology, or using any other methods as known in the art.
Homologs and variants of these nucleic acid molecules such of IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 or
ZNF217 listed in this application typically possess a relatively high degree of sequence identity when aligned using
standard methods. Sequences suitable for use in the methods described herein have at least about 40-50, about 50-60,
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about 70-80, about 80-85, about 85-90, about 90-95 or about 95-100% sequence identity to the sequences disclosed
herein. It is understood that for determination of a gene expression profile, variations in the disclosed sequences will
still permit detection of gene expression. The degree of sequence identity required to detect gene expression varies
depending on the length of the oligomer. For example, in a 60-mer, (an oligonucleotide with about 60 nucleotides), about
6 to about 8 random mutations or about 6 to about 8 random deletions in a 60-mer do not affect gene expression
detection. Hughes, T R, et al. "Expression profiling using microarrays fabricated by an ink-jet oligonucleotide synthesizer.
Nature Biotechnology, 19:343-347(2001). As the length of the DNA sequence is increased, the number of mutations or
deletions permitted while still allowing gene expression detection is increased. As will be appreciated by those skilled
in the art, the sequences of the present invention may contain sequencing errors. That is, there may be incorrect
nucleotides, frame shifts, unknown nucleotides, or other types of sequencing errors in any of the sequences; however,
the correct sequences will fall within the homology and stringency definitions herein.

Additional Methods of Determining Gene Expression

[0131] The array sets disclosed herein may also be used to determine a gene expression profile such that a patient
may be classified as a responder or a nonresponder any other techniques that measure gene expression. For example,
the expression of genes disclosed in the array sets herein may be detected using RT-PCR methods or modified RT-
PCR methods. In this embodiment, RT-PCR is used to detect gene expression of genes selected from one or more
genes selected from of IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2 or ZNF217 listed in this application or of natural
sequence variations on these human genes or homologs and variants of the disclosed nucleic acid molecules Various
methods using RT-PCR may be employed. For example, standard RT-PCR methods may be used. Using this method,
well- known in the art, isolated RNA may be reverse transcribed using into cDNA using standard methods as known in
the art. This cDNA is then exponentially amplified in a PCR reaction using standard PCR techniques. The reverse
transcription step is typically primed using specific primers, random hexamers, or oligo-dT primers, depending on the
circumstances and the goal of expression profiling. For example, extracted RNA can be reverse-transcribed using a
GeneAmp RNA PCR kit (Perkin Elmer, Calif., USA), following the manufacturer’s instructions. The derived cDNA can
then be used as a template in the subsequent PCR reaction. Although the PCR step can use a variety of thermostable
DNA-dependent DNA polymerases, it typically employs the Taq DNA polymerase, which has a 5’-3’ nuclease activity
but lacks a 3’-5’ proofreading endonuclease activity. Thus, TaqMan® PCR typically utilizes the 5’-nuclease activity of
Taq or Tth polymerase to hydrolyze a hybridization probe bound to its target amplicon, but any enzyme with equivalent
5’ nuclease activity can be used. Two oligonucleotide primers are used to generate an amplicon typical of a PCR reaction.
A third oligonucleotide is designed to detect nucleotide sequence located between the two PCR primers. The third
oligonucleotide is non-extendible by Taq DNA polymerase enzyme, and is labeled with a reporter fluorescent dye and
a quencher fluorescent dye. Any laser-induced emission from the reporter dye is quenched by the quenching dye when
the two dyes are located close together as they are on the probe. During the amplification reaction, the Taq DNA
polymerase enzyme cleaves the third oligonucleotide in a template-dependent manner. The resultant fragments disso-
ciate in solution, and signal from the released reporter dye is free from the quenching effect of the second fluorophore.
One molecule of reporter dye is liberated for each new molecule synthesized, and detection of the unquenched reporter
dye provides the basis for quantitative interpretation of the data. TaqMan® RT-PCR can be performed using commercially
available equipment, such as, for example, ABI PRISM 7700™ Sequence Detection System™ (Perkin-Elmer-Applied
Biosystems, Foster City, Calif., USA), or Lightcycler (Roche Molecular Biochemicals, Mannheim, Germany). In a preferred
embodiment, the 5’ nuclease procedure is run on a real-time quantitative PCR device such as the ABI PRISM 7700™
Sequence Detection System™. The system consists of a thermocycler, laser, charge-coupled device (CCD), camera
and computer. The system amplifies samples in a 96-well format on a thermocycler. During amplification, laser-induced
fluorescent signal is collected in real-time through fiber optics cables for all 96 wells, and detected at the CCD. The
system includes software for running the instrument and for analyzing the data. To minimize errors and the effect of
sample-to- sample variation, RT-PCR is usually performed using an internal standard. The ideal internal standard is
expressed at a constant level among different tissues, and is unaffected by the experimental treatment. RNAs most
frequently used to normalize patterns of gene expression are mRNAs for the housekeeping genes glyceraldehyde-3-
phosphate-dehydrogenase (GAPDH) and β-actin, although any other housekeeping gene or other gene established to
be expressed at constant levels between comparison groups can be used. Real time quantitative PCR techniques, which
measure PCR product accumulation through a dual-labeled fluorigenic target (i.e., TaqMan® probe), may also be used
with the methods disclosed herein to determine a gene expression profile. The Stratagene Brilliant SYBR Green QPCR
reagent, available from 11011 N. Torrey Pines Road, La Jolla, CA 92037, may also be used. The SYBR® Green dye
binds specifically to double-stranded PCR products, without the need for sequence-specific targets. Real time PCR is
compatible both with quantitative competitive PCR, where internal competitor for each target sequence is used for
normalization, and with quantitative comparative PCR using a normalization gene contained within the sample, or a
housekeeping gene for RT-PCR. For further details see, e.g. Held et al., Genome Research 6:986 994 (1996). Alterna-



EP 2 260 301 B9

30

5

10

15

20

25

30

35

40

45

50

55

tively, a modified RT-PCR method such as express Profiling™ (XP) technology for high-throughput gene expression
analysis, available from Althea Technologies, Inc. 11040 Roselle Street, San Diego, California 92121 U.S.A. may be
used to determine a gene expression profiles of a patient diagnosed with metabolic syndrome. The gene expression
analysis may be limited to one or more array sets as disclosed herein. This technology is described in U.S. Patent
6,618,679. This technology uses a modified RT-PCR process that permits simultaneous, quantitative detection of ex-
pression levels of about 20 genes. This method may be complementary to or used in place of array technology or PCR
and RT-PCR methods to determine or confirm a gene expression profile, for example, when classifying the status of a
patient as a responder or non-responder. Multiplex mRNA assays may also be used, for example, that described in
Tian, et al., "Multiplex mRNA assay using Electrophoretic tags for high-throughput gene expression analysis," Nucleic
Acids Research 2004, Vol. 32, No. 16, published online September 8, 2004 and Elnifro, et al. "Multiplex PCR; Optimization
and Application in Diagnostic Virology," Clinical Microbiology Reviews, Oct. 2000, p. 559-570. In multiplex CR, more
than one target sequence can be amplified by including more than one pair of primers In the reaction. Alternatively,
Real-Time NASBA can be used. This is an isothermal nucleic acid amplification method which is particularly suited to
detection and quantification of genomic, ribosomal or messenger RNA and which has been has proved to be the basis
of sensitive and specific assays for detection, quantification and differentiation of RNA and DNA targets. The product of
NASBA is single-stranded RNA of opposite sense to the original target. The fist developed NASBA methods relied on
liquid or gel-based probe-hybridization for post-amplification detection of products. But more recently, real-time proce-
dures incorporating amplification and detection in a single step have been reported and applied to a wide range of RNA
and some DNA targets (Loens K. et al. Journal of microbiological methods. 2006, vol. 67, no3, pp. 408-415, Schneider
et al. Real-time nucleic acid sequence-based amplification is more convenient than real-time PCR for quantification of
Plasmodium falciparum. J Clin Microbiol. 2005;43(1):402-5 and Keightley et al. Real-time NASBA detection of SARS-
associated coronavirus and comparison with real-time reverse transcription-PCR. J Med Virol. 2005;77(4):602-8.) An-
other alternative is that can be used is the one-step, reverse transcription loop-mediated amplification (RT-LAMP) assay.
RT-LAMP is sensitive, rapid, specific, and cost effective, with the potential for field deployment and use in first line
diagnosis. (Horibe, D., et al. Rapid detection of metastasis of gastric cancer using reverse transcription loop-mediated
isothermal amplification. Int. J. Cancer (2007)
[0132] The methods disclosed herein employ a biological sample derived from patients diagnosed with metabolic
syndrome. The samples may include, for example, tissue samples obtained by biopsy of endoscopically affected colonic
segments including the cecum/ascending, transverse/descending or sigmoid/rectum; small intestine; ileum; intestine;
cell lysates; serum; or blood samples. Colon epithelia cells and lamina propria cells may be used for mRNA isolation.
Control biopsies are obtained from the same source. Sample collection will depend on the target tissue or sample to be
assayed.
Immediately after collection of a biological sample, for instance the blood cell blood cells, blood monocyte preferable a
myeloid cell from patients with adipose tissue disorder, lipid homeostasis disorder and/or an impaired glucose tolerance
or insulin resistance condition and/or related cardiovascular disease or an healthy patient the sample may be placed in
a medium appropriate for storage of the sample such that degradation of mRNA is minimized and stored on ice. For
example, a suitable medium for storage of sample until processing is RNALater®, available from Applied Biosystems,
850 Lincoln Centre Drive, Foster City CA 94404, U.S.A. Total RNA may then be prepared from a target sample using
standard methods for RNA extraction known in the art and disclosed in standard textbooks of molecular biology, including
Ausubel et al., Current Protocols of Molecular Biology, John Wiley and Sons (1997). For example, RNA isolation can
be performed using purification kit, buffer set and protease from commercial manufacturers, such as Qiagen, according
to the manufacturer’s instructions. In one embodiment, total RNA is prepared utilizing the Qiagen RNeasy mini-column,
available from QIAGEN Inc., 27220 Turnberry Lane Suite 200, Valencia, CA 91355. Other commercially available RNA
isolation kits include MasterPure™ Complete DNA and RNA Purification Kit (EPICENTRE@, Madison, Wis.), or Paraffin
Block RNA Isolation Kit (Ambion, Inc.). Total RNA from tissue samples may also be isolated using RNA Stat-60 (Tel-
Test). RNA may also be prepared, for example, by cesium chloride density gradient centrifugation. RNA quality may
then be assessed. RNA quality may be determined using, for example, the Agilent 2100 Bioanalyzer. Acceptable RNA
samples have distinctive 18S and 28S Ribosomal RNA Bands and a 28S/18S ribosomal RNA ratio of about 1.5 to about
2.0. In one embodiment, about 400 to about 500 nanograms of total RNA per sample is used to prepare labeled mRNA
as targets. The RNA may be labeled using any methods known in the art, including for example, the TargetAmp 1-Round
Aminoallyl-aRNA Amplification Kit available from Epicentre to prepare cRNA, following the manufacturer’s instructions.
The TargetAmp 1-Round Aminoallyl-aRNA Amplification Kit (Epicentre) is used to make double-stranded cDNA from
total RNA. An in vitro transcription reaction creates cRNA target. Biotin-X-X-NHS (Epicentre) is used to label the ami-
noallyl-aRNA with biotin following the manufacturer’s instructions. In one embodiment, the biotin-labeled cRNA target
is then chemically fragmented and a hybridization cocktail is prepared and hybridized to a suitable array set immobilized
on a suitable substrate. In another embodiment, the total RNA may be used to prepare cDNA targets. The targets may
be labeled using any suitable labels known in the art. The labeled cDNA targets may then be hybridized under suitable
conditions to any array set or subset of an array set described herein, such that a gene expression profile may be obtained.
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Normalization

[0133] Normalization is an adjustment made to microarray gene expression values to correct for potential bias or error
introduced into an experiment. With respect to array-type analyses, such errors may be the result of unequal amounts
of cDNA probe, differences in dye properties, differences in dye incorporation etc. Where appropriate, the present
methods include the step of normalizing data to minimize the effects of bias or error. The type of normalization used will
depend on the experimental design and the type of array being used. The type of normalization used will be understood
by one of ordinary skill in the art.

Levels of Normalization

[0134] There may be two types of normalization levels used with the methods disclosed herein: "within slide" (this
compensates, for example, for variation introduced by using different printing pins, unevenness in hybridization or, in
the case of two channel arrays, differences in dye incorporation between the two samples) or "between slides," which
is sometimes referred to as "scaling" and permits comparison of results of different slides in an experiment, replicates,
or different experiments.

Normalization methods

[0135] Within slide normalization can be accomplished using local or global methods as known in the art. Local
normalization methods include the use of "housekeeping genes" and "spikes" or "internal controls". "Housekeeping"
genes are genes which are known, or expected, not to change in expression level despite changes in disease state or
phenotype or between groups of interest (such as between known non- responders and responders). For example,
common housekeeping genes used to normalize data are those that encode for ubiquitin, actin and elongation factors.
Where housekeeping genes are used, expression intensities on a slide are adjusted such that the housekeeping genes
have the same intensity in all sample assays. Normalization may also be achieved using spikes or internal controls that
rely on RNA corresponding to particular probes on the microarray slide being added to each sample. These probes may
be from a different species than the sample RNAs and optimally should not cross-hybridize to sample RNAs. For two
channel arrays, the same amount of spike RNA is added to each sample prior to labeling and normalization is determined
via measurement of the spiked features. Spikes can also be used to normalize spatially across a slide if the controls
have been printed by each pin - the same controls on different parts of the slide should hybridize equally. Spikes may
also be used to normalize between slides..
Reference samples may be any suitable reference sample or control as will be readily understood by one of skill in the
art. For example, the reference sample may be selected from normal patients, "responder" patients, "non-responder"
patients, or "chronic-refractory patients." Normal patients are those not diagnosed with an adipose tissue disorder, lipid
homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition and/or related cardiovascular
disease. "Responder" patients and "non-responder" patients are described above. "Chronic refractory" patients are
patients with moderate to severe disease that require a second induction of remission using any drug. In one embodiment
of the present invention, the control sample comprises cDNA from one or more patients that do not have adipose tissue
disorder, lipid homeostasis disorder and/or an impaired glucose tolerance or insulin resistance condition and/or related
cardiovascular disease. In this embodiment, the cDNA of multiple normal samples are combined prior to labeling, and
used as a control when determining gene expression of experimental samples. The data obtained from the gene ex-
pression analysis may then be normalized to the control cDNA.
A variety of global normalization methods may be used including, for example, linear regression. This method is suitable
for two channel arrays and involves plotting the intensity values of one sample against the intensity values of the other
sample. A regression line is then fitted to the data and the slope and intercept calculated. Intensity values in one channel
are then adjusted so that the slope = 1 and the intercept is 0. Linear regression can also be carried out using MA plots.
These are plots of the log ratio between the Cy5 and Cy3 channel values against the average intensity of the two
channels. Again regression lines are plotted and the normalized log ratios are calculated by subtracting the fitted value
from the raw log ratio. In the alternative, Lowess regression (locally weighted polynomial regression) may be used. This
regression method again uses MA plots but is a non-linear regression method. This normalization method is suitable if
the MA plots show that the intensity of gene expression is influencing the log ratio between the channels. Lowess
essentially applies a large number of linear regressions using a sliding window of the data. Yet another alternative
method of normalization is "print tip normalization." This is a form of spatial normalization that relies on the assumption
that the majority of genes printed with individual print tips do not show differential expression. Either linear or non-linear
regression can be used to normalize the data. Data from features printed by different print tips are normalized independ-
ently. This type of normalization is especially important when using single channel arrays. Yet another method of nor-
malization is "2D Lowess normalization." This form of spatial normalization uses a 2d polynomial Lowess regression
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that is fitted to the data using a false color plot of log ratio or intensity as a function of the position of the feature on the
array. Values are adjusted according to this polynomial. "Between slide normalization" enables you to compare results
from different slides, whether they are two channel or single channel arrays.
Centering and scaling may also be used. This adjusts the distributions of the data (either of log ratios or signal intensity)
on different slides such that the data is more similar. These adjustments ensure that the mean of the data distribution
on each slide is zero and the standard deviation is 1. For each value on a slide, the mean of that slide is subtracted and
the resulting value divided by the standard deviation of the slide. This ensures that the "spread" of the data is the same
in each slide you are comparing. Quantile normalization is yet another method that is particularly useful for comparing
single channel arrays. Using this method, the data points in each slide are ranked from highest to lowest and the average
computed for the highest values, second highest values and so on. The average value for that position is then assigned
to each slide, i.e. the top ranked data point in each slide becomes the average of the original highest values and so on.
This adjustment ensures that the data distributions on the different slides are identical. Various tools for normalizing
data are known in the art, and include GenePix, Excel, GEPAS, TMeV/MIDAS and R.

Hybridization Techniques

[0136] [Where array techniques are used to determine a gene expression profile, the targets must be hybridized to
the array sets under suitable hybridization conditions using hybridization and wash solutions having appropriate strin-
gency, such that labeled targets may hybridize to complementary probe sequences on the array. Washes of appropriate
stringency are then used to remove non-specific binding of target to the array elements or substrate. Determination of
appropriate stringency is within the ordinary skill of one skilled in the art. In one embodiment of the present invention,
the array set is that of the Affymetrix Genechip Array (HGU133 Plus Version 2 Affymetrix GeneChip, available from
Affymetrix, 3420 Central Expressway, Santa Clara, CA 95051). In this embodiment, suitably labeled cRNA and hybrid-
ization cocktail are first prepared. In this embodiment, the hybridization cocktail contains about 0.034 ug/uL fragmented
cRNA, about 50 pM Control Oligonucleotide B2 (available from Affymetrix), 2OX Eukaryotic Hybridization Controls (1.5
pM bioB, 5 pM bioC, 25 pM bioD, 100 pM ere) (available from Affymetrix), about 0.1 mg/mL Herring Sperm DNA
(Promega), about 0.5 mg/mL Acetylated BSA (Invitrogen). The hybridization cocktail is heated to 99°C for 5 minutes, to
45°C for 5 minutes, and spun at maximum speed in a microcentrifuge for 5 minutes. The probe array is then filled with
200 uL of IX Hybridization Buffer (available from Affymetrix) and incubated at 45°C for 10 minutes while rotating at 60
rpm. The IX Hybridization Buffer is removed and the probe array filled with 200 uL of the hybridization cocktail. The
probe array is then incubated at 45°C for about 16 hours in a hybridization oven rotating at 60 rpm. The array is then
washed and stained using any method as known in the art. In one embodiment, the Fluidics Station 450 (Affymetrix)
and the fluidics protocol EukGE-WS2v4_450 is used. This protocol comprises the steps of a first post-hybridization wash
(10 cycles of 2 mixes/cycle with Affymetrix Wash Buffer A at 25°C), a second post- hybridization wash (4 cycles of 15
mixes/cycle with Affymetrix Wash Buffer B at 50°C), a first stain (staining the probe array for 10 minutes with Affymetrix
Stain Cocktail 1 at 25°C), a post-stain wash (10 cycles of 4 mixes/cycle with Affymetrix Wash Buffer A at 25°C), a second
stain (stain the probe array for 10 minutes with Stain Cocktail 2 at 25°C), a third stain (stain the probe array for 10 minutes
with Stain Cocktail 3 at 25°C) and a final wash (15 cycles of 4 mixes/cycle with Wash Buffer A at 30°C. The holding
temperature is 25°C). All Wash Buffers and Stain Cocktails are those provided in the GeneChip® Hybridization, Wash
and Stain Kit, Manufactured for Affymetrix, Inc., by Ambion, Inc., available from Affymetrix. In one embodiment, the stain
used is R-Phycoerythrin Streptavidin, available from Molecular Probes. The antibody used is anti-streptavidin antibody
(goat) biotinylated, available from Vector Laboratories.

Data Collection and Processing

[0137] When using an array to determine a gene expression profile, the data from the array must be obtained and
processed. The data may then be used for any of the purposes set forth herein, such as to predict the outcome of a
therapeutic treatment or to classify a patient as a responder or nonresponder. Following appropriate hybridization and
wash steps, the substrate containing the array set and hybridized target is scanned. Data is then collected and may be
saved as both an image and a text file. Precise databases and tracking of files should be maintained regarding the
location of the array elements on the substrates. Information on the location and names of genes should also be main-
tained. The files may then be imported to software programs that perform image analysis and statistical analysis functions.
The gene expression profile of a patient of interest is then determined from the collected data. This may be done using
any standard method that permits qualitative or quantitative measurements as described herein. Appropriate statistical
methods may then be used to predict the significance of the variation in the gene expression profile, and the probability
that the patient’s gene expression profile is within the category of non-responder or responder. For example, in one
embodiment, the data may be collected, then analyzed such that a class determination may be made (i.e., categorizing
a patient as a responder or nonresponder) using a class prediction algorithm and GeneSpring™ software as described
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below. Expression patterns can be evaluated by qualitative and/or quantitative measures. Qualitative methods detect
differences in expression that classify expression into distinct modes without providing significant information regarding
quantitative aspects of expression. For example, a technique can be described as a qualitative technique if it detects
the presence or absence of expression of a candidate nucleotide sequence, i.e., an on/off pattern of expression. Alter-
natively, a qualitative technique measures the presence (and/or absence) of different alleles, or variants, of a gene
product. In contrast, some methods provide data that characterize expression in a quantitative manner. That is, the
methods relate expression on a numerical scale, e.g., a scale of 0-5, a scale of 1-10, a scale of +- +++, from grade 1 to
grade 5, a grade from a to z, or the like. It will be understood that the numerical, and symbolic examples provided are
arbitrary, and that any graduated scale (or any symbolic representation of a graduated scale) can be employed in the
context of the present invention to describe quantitative differences in nucleotide sequence expression. Typically, such
methods yield information corresponding to a relative increase or decrease in expression. Any method that yields either
quantitative or qualitative expression data is suitable for evaluating expression. In some cases, e.g., when multiple
methods are employed to determine expression patterns for a plurality of candidate nucleotide sequences, the recovered
data, e.g., the expression profile, for the nucleotide sequences is a combination of quantitative and qualitative data. In
some applications, expression of the plurality of candidate nucleotide sequences is evaluated sequentially. This is
typically the case for methods that can be characterized as low- to moderate- throughput. In contrast, as the throughput
of the elected assay increases, expression for the plurality of candidate nucleotide sequences in a sample or multiple
samples is assayed simultaneously.
Again, the methods (and throughput) are largely determined by the individual practitioner, although, typically, it is pref-
erable to employ methods that permit rapid, e.g. automated or partially automated, preparation and detection, on a scale
that is time-efficient and cost-effective.
It is understood that the preceding discussion is directed at both the assessment of expression of the members of
candidate libraries and to the assessment of the expression of members of diagnostic nucleotide sets. Many techniques
have been applied to the problem of making sense of large amounts of gene expression data. Cluster analysis techniques
(e.g., K-Means), self-organizing maps (SOM), principal components analysis (PCA), and other analysis techniques are
all widely available in packaged software used in correlating this type of gene expression data.

Class Prediction

[0138] In one embodiment, the data obtained may be analyzed using a class prediction algorithm to predict whether
a subject is a non-responder or a responder, as defined above. Class prediction is a supervised learning method in
which the algorithm learns from samples with known class membership (the training set) and establishes a prediction
rule to classify new samples (the test set). Class prediction consists of several steps. The first is a feature selection i.e.
a process by which genes within a defined gene set are scored for their ability to distinguish between classes (responders
and non-responders) in the training set. Genes may be selected for uses as predictors, by individual examination and
ranking based on the power of the gene to discriminate responders from non-responders. Genes may then be scored
on the basis of the best prediction point for responders or non-responders. The score function is the negative natural
logarithm of the p-value for a hyper geometric test of predicted versus actual group membership for responder versus
non-responder. A combined list for responders and non-responders for the most discriminating genes may then be
produced, up to the number of predictor genes specified by the user. The Golub method may then be used to test each
gene considered for the predictor gene set for its ability to discriminate responders from non-responders using a signal-
to-noise ratio. Genes with the highest scores may then be kept for subsequent calculations. A subset of genes with high
predictive strength may then used in class prediction, with cross validation performed using the known groups from the
training set. The K-nearest neighbors approach may be used to classify training set samples during cross validation,
and to classify test set samples once the predictive rule had been established. In this system, each sample is classified
by finding the K-nearest neighboring training set samples (where K is the number of neighbors defined by the user)
plotted based in Euclidean space over normalized expression intensity for each of the genes in the predictor set. For
example, a predictive gene set of twenty members may be selected using four nearest neighbors. Depending on the
number of samples available, the k value may vary. The class membership of the selected number of nearest neighbors
to each sample is enumerated and p-values computed to determine the likelihood of seeing at least the observed number
of neighbors from each class relative to the whole training set by chance in a K-sized neighborhood. With this method,
the confidence in class prediction is best determined by the ratio of the smallest p-value and the second smallest p-
value, termed the decision cut-off p-value. If it is lower, the test sample is classified as the class corresponding to the
smallest p-value. If it is higher, a prediction is not made. In one embodiment, a decision cut-off p-value ratio of about
0.5 may be used. Cross validation in GeneSpring may then be then done by a drop-one-out algorithm, in which the
accuracy of the prediction rule is tested. This approach removes one sample from the training set and uses it as a test
sample. By predicting the class of a given sample only after it is removed from the training set, the rule makes unbiased
prediction of the sample class. Once performance of the predictive rule has been optimized in this fashion, it may be
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tested using additional samples.

Cluster Analysis

[0139] Cluster analysis is a loose term covering many different algorithms for grouping data. Clustering can be divided
into two main types: top-down and bottom-up. Top-down clustering starts with a given number of clusters or classes
and proceeds to partition the data into these classes. Bottom-up clustering starts by grouping data at the lowest level
and builds larger groups by bringing the smaller groups together at the next highest level’s-Means is an example of top-
down clustering. K-means groups data into K number of best-fit clusters. Before using the algorithm, the user defines
the number of clusters that are to be used to classify the data (K clusters). The algorithm randomly assigns centers to
each cluster and then partitions the nearest data into clusters with those centers. The algorithm then iteratively finds
new centers by averaging over the data in the cluster and reassigning data to new clusters as the centers change. The
analysis iteratively continues until the centers no longer move (Sherlock, G., Current Opinion in Immunology, 12:201,
2000).Tree clustering is an example of bottom-up clustering. Tree clustering joins data together by assigning nearest
pairs as leaves on the tree. When all pairs have been assigned (often according to either information-theoretical criteria
or regression methods), the algorithm progresses up to the next level joining the two nearest groups from the prior level
as one group. Thus, the number and size of the clusters depends on the level. Often, the fewer clusters, the larger each
cluster will be. The stoppage criteria for such algorithms varies, but often is determined by an analysis of the similarity
of the members inside the cluster compared to the difference across the clusters. Self-organizing maps (SOMs) are
competitive neural networks that group input data into nearest neighbors (Torkkola, K., et al., Information Sciences, 139:
79, 2001; Toronen, P., et al., FEBS Letters, 451:142 146, 1999). As data is presented to the neural network, neurons
whose weights currently are capable of capturing that data (the winner neuron) are updated toward the input. Updating
the weights, or training the neural net, shifts the recognition space of each neuron toward a center of similar data. SOMs
are similar to K-means with the added constraint that all centers are on a 1 or 2 dimensional manifold (i.e., the feature
space is mapped into a 1 or 2 dimensional array, where new neighborhoods are formed). In SOM, the number of neurons
is chosen to be much larger than the possible number of the clusters. It is hoped that the clusters of trained neurons will
provide a good estimation of the number of the neurons. In many cases, however, a number of small clusters are formed
around the larger clusters, and there is no practical way of distinguishing such smaller clusters from, or of merging them
into, the larger clusters. In addition, there is no guarantee that the resulting clusters of genes actually exhibit statistically
independent expression profiles. Thus, the members of two different clusters may exhibit similar patterns of gene ex-
pression. Principal component analysis (PCA), although not a clustering technique in its nature (Jolliffe, I. T., Principal
Component Analysis, New York: Springer-Verlag, 1986) can also be used for clustering (Yeung, K. Y., et al., Bioinfor-
matics, 17:763, 2001). PCA is a stepwise analysis that attempts to create a new component axis at each step that
contains most of the variation seen for the data. Thus, the first component explains the first most important basis for the
variation in the data, the second component explains the second most important basis for the variation in the data, the
third component the third most important basis, and so on. PCA projects the data into a new space spanned by the
principal components. Each successive principal component is selected to be orthogonal to the previous ones, and to
capture the maximum information that is not already present in the previous components. The principal components are
therefore linear combinations (or eigenarrays) of the original data. These principal components are the classes of data
in the new coordinate generated by PCA. If the data is highly non-correlated, then the number of significant principal
components can be as high as the number of original data values. If, as in the case of DNA microarray experiments,
the data is expected to correlate among groups, than the data should be described by a set of components which is
fewer than the full complement of data points. A variety of systems known in the art may be used for image analysis
and compiling the data. For example, where the mRNA is labeled with a fluorescent tag, and fluorescence imaging
system (such as the microarray processor commercially available from AFFYMETRIX®, Santa Clara, Calif.) may be
used to capture, and quantify the extent of hybridization at each address. Or, in the case where the mRNA is radioactive,
the array may be exposed to X-ray film and a photographic image made. Once the data is collected, it may be compiled
to quantify the extent of hybridization at each address as for example, using software to convert the measured signal to
a numerical value. Any publicly available imaging software may be used. Examples include BioDiscovery (ImaGene),
Axon Instruments (GenePix Pro 6.0), EisenLab -Stanford University (ScanAlyze), Spotfinder (TIGR), Imaxia (ArrayFox),
F-Scan (Analytical Biostatistics Section - NIH), MicroDiscovery (GeneSpotter), CLONDIAG(IconoClust), Koada Tech-
nology (Koadarray), Vigene Tech (MicroVigene), Nonlinear Dynamics (Phoretix), CSIRO Mathematical and Information
Sciences (SPOT) Niles Scientific (SpotReader).Any commercially available data analysis software may also be used.
Examples include, BRB Array Tools (Biometric Research Branch - NCI), caGEDA (University of Pittsburgh), Cleaver
1.0 (Stanford Biomedical Informatics), ChipSC2C ( Peterson Lab - Baylor College of Medicine), Cluster (Eisen Lab -
Stanford/UC Berkeley), DNA-Chip Analyzer (dChip) (Wong Laboratory - Harvard University), Expression Profiler (Eu-
ropean Bioinformatics Institute), FuzzyK (Eisen Lab - Stanford/UC Berkeley), GeneCluster 2.0 (Broad Institute), GenePa-
ttern (Broad Institute), GeneXPress (Stanford University), Genesis (Alexander Sturn - Graz University of Technology),



EP 2 260 301 B9

35

5

10

15

20

25

30

35

40

45

50

55

GEPAS (Spanish National Cancer Center), GLR (University of Utah), GQL (Max Planck Institute for Molecular Genetics),
INCLUSive (Katholieke Universiteit Leuven), Maple Tree (Eisen Lab - Stanford/UC Berkeley) MeV (TIGR) MIDAS (TIGR),
Onto-Tools (Sorin Draghici - Wayne State University), Short Time- series Expression Miner (Carnegie Mellon University),
Significance Analysis of Microarrays (Rob Tibshirani - Stanford University), SNOMAD (Johns Hopkins Schools of Med-
icine and Public Health), SparseLOGREG (Shevade & Keerthi - National University of Singapore), SuperPC Microarrays
(Rob Tibshirani - Stanford University), TableView (University of Minnesota), TreeView (Eisen Lab - Stanford/UC Berke-
ley), Venn Mapper (Universitais Medisch Centrum Rotterdam), Applied Maths (GeneMaths XT), Array Genetics (Affy-
Mate), Axon Instruments (Acuity 4.0) BioDiscovery (GeneSight), BioSieve (ExpressionSieve), CytoGenomics (Silico-
Cyte), Microarray Data Analysis (GeneSifter), MediaCybernetics (ArrayPro Analyzer), Microarray Fuzzy Clustering (Bi-
oRainbow), Molmine (J-Express Pro), Optimal Design (ArrayMiner), Partek (Partek Pro) Predictive Patterns Software
(GeneLinker), Promoter Extractor (BioRainbow) SAS Microarray Silicon Genetics (GeneSpring), Spotfire (Spotfire),
Strand Genomics (Avadis) Vialogy Corp. It should also be understood that confounding factors may exist in individual
subjects that may affect the ability of a given gene set to predict responders versus non-responders. These cofounding
variables include variation in medications, such as cases in which concurrent 6- MP with infliximab overcomes the
adverse effects of an unfavorable FasL polymorphism on response, the CARD15 genotype status, or the location of the
biopsy, due to variation of gene expression along the colon. To account for this variation, outliers may be identified, and
subsequently determined whether the outliers may be accounted for by variations in medication use, CARD15 genotype,
or the location of the colon biopsy.

Kits

[0140] In an additional aspect, the present invention provides kits embodying the methods, compositions, and systems
for analysis of gene expression as described herein. Kits of the present invention may comprise one or more of the
following: a) at least one pair of universal primers; b) at least one pair of target-specific primers, wherein the primers are
specific to one or more sequences listed in Tables 4-8 or the sequence listing; c) at least one pair of reference gene-
specific primers; and d) one or more amplification reaction enzymes, reagents, or buffers. The universal primers provided
in the kit may include labeled primers. The target-specific primers may vary from kit to kit, depending upon the specified
target gene(s) to be investigated, and may also be labeled. Exemplary reference gene-specific primers (e.g., target-
specific primers for directing transcription of one or more reference genes) include, but are not limited to, primers for β-
actin, cyclophilin, GAPDH, and various rRNA molecules. The kits of the invention optionally include one or more prese-
lected primer sets that are specific for the genes to be amplified. The preselected primer sets optionally comprise one
or more labeled nucleic acid primers, contained in suitable receptacles or containers.
Exemplary labels include, but are not limited to, a fluorophore, a dye, a radiolabel, an enzyme tag, etc., that is linked to
a nucleic acid primer itself. In addition, one or more materials and/or reagents required for preparing a biological sample
for gene expression analysis are optionally included in the kit. Furthermore, optionally included in the kits are one or
more enzymes suitable for amplifying nucleic acids, including various polymerases (RT, Taq, etc.), one or more deox-
ynucleotides, and buffers to provide the necessary reaction mixture for amplification. In one embodiment of the invention,
the kits are employed for analyzing gene expression patterns using mRNA as the starting template. The mRNA template
may be presented as either total cellular RNA or isolated mRNA. In other embodiments, the methods and kits described
in the present invention allow quantification of other products of gene expression, including tRNA, rRNA, or other tran-
scription products. In still further embodiments, other types of nucleic acids may serve as template in the assay, including
genomic or extragenomic DNA, viral RNA or DNA, or nucleic acid polymers generated by non-replicative or artificial
mechanism, including PNA or RNA/DNA copolymers. Optionally, the kits of the present invention further include software
to expedite the generation, analysis and/or storage of data, and to facilitate access to databases. The software includes
logical instructions, instructions sets, or suitable computer programs that can be used in the collection, storage and/or
analysis of the data. Comparative and relational analysis of the data is possible using the software provided.

Examples

STUDIES IN OBESE WOMEN

Study design, materials and methods

[0141] We studied 25 healthy controls, and 35 successive obese (BMI > 35 kg/m2 + co-morbidities) women without
diabetes, and 60 obese women with diabetes. Fourteen obese women without diabetes were referred to our hospital
for bariatric surgery. Before they were included, all women were evaluated by an endocrinologist, an abdominal surgeon,
a psychologist and a dietician. Only after multidisciplinary deliberation the selected patients received a gastric bypass.
This is a procedure in which the stomach is divided into a small, proximal pouch and a separate, large, distal remnant.
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The upper pouch is joined to the proximal jejunum through a narrow gastrojejunal anastomosis (Roux-en-Y configuration).
The storage capacity of the stomach is reduced to approximately 5 % of its normal value, and ingested food bypasses
approximately 95 % of the stomach, the entire duodenum, and a small portion (15-20 cm) of the proximal jejunum.
Patients typically lose 35-40 % of total body weight and most of this is maintained for at least 10-15 years 57-59.
All participants did not have symptoms of clinical cardiovascular disease. However, their predicted cardiovascular risk
based on their Framingham Risk Score (FRS) was elevated. This score was calculated according to Wilson60 using the
MedCalc (http://www.medcalc.com/heartrisk.html) program. Blood samples were collected, and peripheral blood mono-
nuclear cells (PBMC) were prepared from the anti-coagulated blood using gradient separation on Histopaque-1077
performed directly in the blood collection tubes. Cells were washed three times in Ca2+ and Mg2+-free Hanks’s balanced
salt solution. PBMC were incubated for 20 min at 4°C with CD14 microbeads at 20 Pl/1 � 107 cells. The cells were
washed once, resuspended in 500 Pl Ca2+ and Mg2+-free PBS containing 5% FBS/1 � 108 cells. The suspension was
then applied to MidiMACS Separator (Miltenyi, Bergisch Gladbach, Germany) 61,62. Blood samples were also centrifuged
to prepare plasma samples for analysis. Total and HDL-cholesterol and triglyceride levels were determined with enzymatic
methods (Boehringer Mannheim, Vilvoorde, Belgium). LDL-cholesterol levels were calculated with the Friedewald for-
mula. Free fatty acids (FFA) were measured with a FFA-Half Microtest kit (Roche Applied Science). Plasma glucose
was measured with the glucose oxidase method (on Vitros 750XRC, Johnson & Johnson), and insulin with an immuno-
radiometric assay (Biosource Technologies, Inc., Fleurus, Belgium). Oxidized LDL (oxLDL) and interleukin-6 (IL6) were
measured with ELISA. Blood pressure was taken three times with the participant in a seated position after 5 minutes
quiet rest. The average of the last two measurements was used for systolic and diastolic blood pressure.
Total RNA was extracted from 5.3 x 106� 1.7 x 106 (mean�s.d.) monocytes per person with the Trizol reagent (InVitrogen,
Merelbeke, Belgium) and purified on an RNeasy Mini Kit column (Qiagen, Antwerpen, Belgium). Extraction yielded
6.5�2.8 Pg of RNA. After phenol-chloroform extraction and RNeasy Mini Kit cleanup of the RNA, its quality was assessed
with the RNA 6000 Nano assay kit using the Agilent 2100 Bioanalyzer. The adjusted S28/S18 ratios of extracted RNA
were 1.60�0.07. First-strand cDNA was generated from total RNA by RT using random primers from Takara and
Superscript III reverse transcriptase (InVitrogen). RNA expression levels were expressed as percentage of controls as
previously described 63.
RNA isolated from monocytes of obese women and non obese controls was analyzed on Illumina’s Sentrix Human-6
v2 Expression BeadChip Kit containing around 46,713 probes/array targeting genes and known alternative splice variants
from the RefSeq database release 17 and UniGene build 188. RNA was labeled, hybridized and scan according to
Illumina GLP standards by Aros AB laboratory (Aarhus, Denmark). The raw data were normalized with the rank invariant
method (Illumina BeadStudio V2). This method uses a linear scaling of the populations being compared. The scaling
factor is determined by rank-invariant genes. ’Rank-invariant’ genes are those genes whose expression values show a
consistent order relative to other genes in the population. Of the 46,713 transcripts, 1,725 transcripts which were mapped
in the Ingenuity Pathway Analysis (IPA) program 5.5-802 were differentially expressed in monocytes of obese women
compared to controls at the P-value <= 0.05 level. Out of these genes, we selected a subpopulation of the 592 genes
with a ratio threshold of + 1.2. The Ingenuity V5 Pathway analysis program (IPA 5.0) was used to model the canonical
and metabolic function pathways that may be activated in the monocytes of obese women compared to controls. Networks
were built by means of the "Connect" and the "Path explorer" tool in IPA 5.0. Canonical pathways were derived using
the "Analysis" tool in IPA 5.0.
[0142] Quantitative real-time PCR was performed on a 7500 fast Real-Time PCR system using the power SYBR
Green Master mix (Applied Biosystems, Lennik, Belgium). Table 1 summarizes forward and reverse primers used in
RT-PCR analysis. The RNA expression level was calculated with the threshold cycle (Ct) value, i.e., the number of PCR
cycles at which the fluorescent signal reaches a fixed threshold. For each sample, both the Ct for the gene of interest
and for the housekeeping gene β-actin were determined to calculate ∆Ct,sample (Ct,target gene - Ct,housekeeping gene), thus
normalizing the data and correcting for differences in amount and/or quality among the different RNA samples. The
expression levels were related to an external calibrator. Subsequently, ∆∆Ct (∆Ct,sample - ∆Ct,calibrator) was determined,
and the relative expression levels were calculated from 2-∆∆Ct, according to the manufacturer’s instructions (Applied
Biosystems). RNA expression levels were expressed as percentage of controls as previously described 64.
MM6 and THP-1 cells were cultured in RMPI-1640 medium containing 10% FBS (low LPS), 0,2 mM Streptomycin, 100
U/ml Penicillin, 2 mM L-glutamine, 1x MEM NEAA, 1 mM MEM sodium Pyruvate Solution. At day 1, cells were seeded
in a 24 well plate at a cell density of 1 x 106 cells/ml. At day 2, we replaced growth medium with complete growth medium
(- FBS) + HSA (1mg/ml). At day 3 we added ox-LDL (50 Pg/ml) or FFA (710.9 PM final concentration) or placebo. At
day 4, cells were collected, washed and RNA was extracted as described above. IRAK3 RNA expression was assessed
as described above. Groups were compared with unpaired t-test with Welch’s correction (two groups) or with paired t-
test (GraphPad 5.0). Pearson correlation coefficients were calculated to determine the relations between gene expres-
sions and of gene expressions with risk factors. Receiver operating characteristic (ROC) curve analysis was performed
using the MedCalc program. Fisher exact test analysis was performed to determine relative risks, sensitivity and spe-
cificity, and positive and negative predictive values using cut-offs which were determined by ROC curve analysis. A
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P-value of less than 0.05 was considered statistically significant. Principal component analysis (PCA) was performed
using the TMEV 4-2 program 65. Data are normalized in TMEV4 and the 119 patients are clustered according to the
values of the 6 to 10 variables selected with the Hierarchical Clustering (HCL) with the average linkage method on
Euclidean distances 66, 67 Tree leaves ordering were optimized using the "Gene Leaf Order" option. The hierarchical
trees obtained are shown in figure 10. A principal Component Analysis (PCA) is then used to attribute the overall variability
in the data to a reduced set of variables termed principal components68. The centering mode is the median and the
number for neighbors for KNN imputation is 10. (Available at http://smiweb.stanford.edu/pubs/SMI_Abstracts/SMI-
1999-0804.html).

Characteristics of study cohort and effect of weight loss

[0143] We studied 25 healthy lean control women (age: 39�7 years), and 95 obese women (age: 51�11, P<0.001).
Figure 1 shows that obese women had a higher BMI associated with higher FRS. Leptin concentrations were higher;
adiponectin was lower. Glucose, insulin, and triglyceride concentrations were higher; HDL-cholesterol was lower. LDL-
cholesterol levels were not different. Plasma concentrations of oxLDL (50�20 vs. 32�10 U/I; P<0.001) and interleukin-
6 (5.4�2.9 vs. 2.7�0.94 pg/ml) were also higher.
Among obese women 35 were without diabetes (age: 45�12, P<0.05; BMI: 41.0.3�5.9, P<0.0001 vs. controls); 60
women had diabetes (age: 55�9, P<0.001 vs. controls and vs. obese women without diabetes; BMI: 37.2�4.8; P<0.0001
vs. controls, and P<0.05 vs. obese without diabetes). Figure 2 shows that diabetics had lower BMI but higher FRS. Their
leptin concentrations were higher; adiponectin was not different. Diabetics had higher glucose, insulin, and triglyceride
concentrations; their HDL-cholesterol was lower. Their LDL-cholesterol was lower due to more frequent use of statins
(73% vs. 24% of women without diabetes).
Controls had lower systolic and diastolic blood pressure (121�11, 71�9.3 mmHg) than obese women without (135�18,
88�12 mmHg; P<0.01 and <0.001 vs. controls) and obese women with diabetes (139�16, 82�10 mmHg; P<0.001 vs.
controls). Diabetics were more often treated for arterial hypertension (57%) than obese women without diabetes (42%).
OxLDL concentrations in diabetics were lower (46�17 vs. 57�23 U/I; P<0.05) likely due to more frequent statin use
and associated lower LDL-cholesterol. Interleukin-6 concentrations were not different.
We collected samples from 14 out of 35 obese women without diabetes after bariatric surgery. Their BMI was 17% lower
3 months after bariatric surgery (Figure 3). Their FRS predicted a decrease of the cardiovascular risk to 4�3% (compared
to 8�7% before weight loss; P<0.01).
Weight loss was associated with a significant decrease of leptin, glucose, insulin, and triglyceride concentrations, and
of systolic and diastolic blood pressure (118�4, 61�3 mmHg; P<0.001 vs. before). Adiponectin levels were higher.
Weight loss did not affect LDL- and HDL-cholesterol, oxLDL and interleukin-6 concentrations.

Microanalysis of RNA extracts of blood monocytes of obese women

[0144] We performed microarray analysis of RNA extracts from monocytes of 14 obese women. Table 2 summarizes
the most significant gene functions of the 592 genes which were overexpressed compared to age-matched controls
(N=10). Especially genes which mediate cell-to-cell signaling and immune response were overexpressed. They are
known to be involved in hematological, immunological, neurological diseases, and in cancer. Figure 4 summarizes the
top ten canonical signaling pathways which were identified by means of Ingenuity Pathways Analysis (IPA 5.0) program.
The acute phase response, the interleukin, the NFκB, the LXRL/RXR, and the PPAR signaling pathways were among
them.

Proposal of a structural network

[0145] In order to identify the most representative structural network the following software tools were used together
with the IPA program:
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[0146] Figure 5 shows a predicted structural model in which two pathways interact:

• Activation of the TLR2 receptor pathway by free fatty acids (FFA) and oxLDL, which are elevated in blood of obese
persons, occurs through activation of MYD88 and TRAF6 resulting in the activation of NFκB and associated ex-
pression of the inflammatory TNF and IL-1 which contribute to oxidative stress and release of ROS 69. TRAF6
induces the expression and the activation of NFκB that then further induces the expression of TLR2. In support of
this model, several NFκB-binding sites have been identified of the promoter of TLR2 (figure 6). This feedback may
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be used to couple the TLR2-pathway of innate immune response to other NFκB activating response mechanisms
thereby generally amplifying the immune response. ROS activate directly NFκB. This pathway can be inhibited at
two sites. IRAK3 is inhibiting TRAF6 70; TNFAIP3 71 and TNFAIP6 72 are inhibiting NFκB.

• Insulin through interaction with its receptor (INSR) and IRS2 activates the PI3K / AKT pathway. This activation is
required for proper insulin action. ROS induces the expression of MAPK13 that blocks proper insulin action 73. ROS
induces the expression of the forkhead transcription factor FOXO3A that induces the expression of SOD2. FOXO3A,
like NFκB, is regulated at the level of nuclear transport. In the nucleus FOXO3A blocks NFκB 74. Promoter analysis
suggested that FOXO3A is also involved in the regulation of TRAF6 and IRAK3. Indeed, a forkhead binding site
was identified within a strongly conserved TFBS model shared by two promoters for these genes. Activation of the
PI3K / AKT pathway results in the phosphorylation of FOXO3A, thereby blocking its transport into the nucleus. This
can result in activation of NFκB, and the repression of the expression of SOD2 (directly), and of IRAK3, TRAF6,
and TNFAIP3 (indirectly). This inactivation of FOXO3A can be reverted by phosphorylation of FOXO3A at another
site by MAPK13 75 thereby restoring SOD2 expression. As discussed above, SOD2 is essential for neutralizing
ROS. We postulated that MAPK13 is an important link between the two pathways, other than that it affects FOXO3A
activity, because it contains common transcription factor binding sites (TFBS) with a gene upstream of NFκB, i.e.
TNFAIP3, and two genes downstream of NFκB, i.e. MAPK13 and SOD2 (figure 7).

[0147] Although the indicated references suggested separate interactions proposed in the model, the complete model
has not been presented in its present form and its relationship with obesity and related disorders has never been validated.
[0148] We also used the IPA program for searching other correlating proteins which may be important regulators of
the expression of the identified cluster. We identified ZNF217 as a possible candidate.

Validation of the structural model:

[0149] We measured the RNA expression of TLR2, MYD88, TRAF6, IRAK3, TNFAIP3, TNFAIP6, and IRS2, MAPK13,
FOXO3A, SOD2, and ZNF217 in extracts of monocytes from healthy controls, and obese women without and with
diabetes. Figure 8 shows that the expressions of TLR2, TNFAIP3, TNFAIP6, MAPK13, FOXO3A, and SOD2 were higher
in monocytes of obese women; the expressions of IRAK3, IRS2 and ZNF217 were lower. Those of MYD88 and TRAF6
were not different. Lack of overexpression of MYD88 and TRAF6 does not exclude their activation. In support of the
latter, we observed an 18�4.2% (P<0.01) increase in NFκB in monocytes from obese women compared to controls.
This increase was observed in spite of the increase in TNFAIP3, TNFAIP6, and of FOXO3A, which are inhibitors of
NFκB. The increase in NFκB was observed despite the unexpected increase of the NFκB inhibitor (39.4�6.0% higher
in monocytes from obese women; P<0.001). Although we did not find an upregulation of MYD88, we observed an indirect
evidence of the action of MYD88. Recent insights 76 have revealed additional functions for MYD88 apart from NFκB
activation, including activation of the transcription factors IRF1, IRF5 and IRF7, and also a role outside the TLRs in
interferon-γ signaling. The expression of IRF1 was 94�6.3% higher in monocytes from obese women.
[0150] According to the proposed model, the increase in MAPK13 can explain why the increase in FOXO3A, despite
the increase in NFκB, was associated with an increase in SOD2.
[0151] According to the proposed model IRAK3 was the only inhibitor of the TLR2 pathway of which the expression
was significantly lowered suggesting a functional role of IRAK3 in the regulation of this pathway. The expressions of the
other predicted inhibitors TNFAIP3 and TNFAIP6 were elevated. In spite of their increases we observed an activation
of the TLR2 pathway. These data suggest that TNFAIP3 and TNFAIP6 are markers of stress which cannot prevent
stress. Despite the increase of the antioxidant SOD2 we observed an increase in oxLDL suggesting that SOD2 is also
a marker of stress that by itself can not prevent oxidative stress.
The expression of ZNF217 was lower in obese women than in lean controls: 0.73�0.092 vs. 0.93�0.03 (P<0.0001).

Determination of diagnostic values

[0152] To determine the value of the above mentioned genes to discriminate between lean control and obese women,
we performed ROC curve analysis. Table 3 indicates that SOD2, TNFAIP6, TNFAIP3, IRAK3, TLR2, ZNF217, IRS2,
and MAPK13 (ranked according to their areas under the curve) significantly discriminated between control and obese
women; MYD88, FOXO3A, and TRAF6 did not.
In aggregate, we identified a cluster of genes containing IRAK3, SOD2, TNFAIP6, TNFAIP3, TLR2, ZNF217, IRS2, and
MAPK13 with diagnostic value. Importantly, the expressions of these genes were not different between obese women
with and with no diabetes, indicating that they are differentially regulated early in the onset of the above mentioned
disorders.
As an alternative, we determined the relative risks, sensitivities and specificities, and positive and negative predictive
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values by Fisher exact test analysis. Low IRAK3 and ZNF217, and high SOD2, TNFAIP6, TNFAIP3 discriminated
between lean controls and obese women (Table 4). The odds ratios of TLR2, MAPK13 and IRS2 were lower. We then
investigated whether IRAK3, SOD2, TNFAIP6, TNFAIP3, and ZNF217 had an additive diagnostic value. Table 4 shows
that the sensitivity of the combination of low IRAK3 and high SOD2 was 76%; specificity was 86%. Similar values were
obtained when combining IRAK3 with TNFAIP3, TNFAIP6 or ZNF217. This was expected because of the high correlation
between SOD2, TNFAIP3, and TNFAIP6 (correlation coefficients 0.88 and 0.83, respectively; P<0.001). Although
ZNF217 correlated with TNFAIP3, TNFAIP6 and SOD2, the correlation coefficients were lower (Table 5). In contrast
IRAK3 did not correlate with any of the 3 genes. Adding TNFAIP6 and TNFAIP3 to the IRAK3 - SOD2 pair increased
sensitivity to 95% or above and increased specificity 76%. Similar values were obtained when replacing SOD2 with
ZNF217. Further additions of genes did not significantly increase sensitivities and specificities. Table 6 shows the
correlation between gene expressions and risk factors.
We also investigated if statin treatment had an effect on the discrimination between controls and obese persons. Table
7 shows the outcome of the ROC curve analysis for obese persons who were not treated with a cholesterol lowering
statin compared to lean controls; table 8 shows the outcome for obese persons who were treated with a statin. SOD2,
TNFAIP3, TNFAIP6, IRAK3, TLR2, and IRS2 discriminated between lean controls and obese persons whether they
were treated or not with a statin; MAPK13 did not when treated with statin.
Table 9 shows the outcome of the Fisher exact test analysis comparing lean controls with obese persons who were not
on statin therapy. Table 10 shows the analysis for obese persons on statin therapy. Overall, there were no significant
differences.
To further assess the relation between gene expression and obesity, we measured the expressions of those genes in
monocytes from obese women before and after weight loss. We demonstrated above that weight loss was associated
with a significant decrease of their predicted risk as indicated by their lower FRS. Figure 9 shows that the expressions
of SOD2, TNFAIP3, and TNFAIP6 decreased after weight loss; the expressions of IRAK3 increased. The expression of
ZNF217 increased from 0.68�0.04 before to 0.98�0.09 after weight loss.
Table 11 shows the association between gene signatures in circulating monocytes and the occurrence of the metabolic
syndrome. It shows that prediction of the metabolic syndrome improves by combining genes from the cluster particularly
IRAK3, SOD2, TNFAIP3, TNFAIP6, and ZNF217. The relative risks of having the metabolic syndrome increase from
1.2 (when the RNA expression level of 1 gene is different from control; cut-point determined by ROC analysis) to 6.8
(when the RNA expression level of at least three genes are different from control). The clinical sensitivities (the percent-
ages of positive tests when the clinical disorder is present) increase from 52% (when the RNA expression level of 1
gene is positive) to 97% (when the RNA expression level of at least three genes are positive). In the current cohort,
ROC analysis did not show a significant relationship between ZNF217 expression and cardiovascular risk. Therefore,
ZNF217 was as yet not included in further analyses.
Table 12 shows the association between gene signatures in circulating monocytes and the present cardiovascular risk
equivalents. It shows that the risk prediction improves by combining genes from the cluster particularly IRAK3, SOD2,
TNFAIP3, and TNFAIP6. The relative risks increase from 1.4 (when the RNA expression level of 1 gene is different from
control; cut-point determined by ROC analysis) to 7.2 (when the RNA expression level of at least three genes are different
from control); the sensitivities increase from 52% to 95%. The positive predictive values can be as high as 80%. The
negative predictive values can be as high as 92%.
In addition to ROC and Fisher exact analysis, we performed PCA analysis to reduce the number of dimensions to 3 per
119 (number of patients) to map the distance between lean controls, obese persons without cardiovascular risk equiv-
alents, and obese persons with cardiovascular risk equivalents. These are: an at least 10% risk of developing a cardi-
ovascular disease within the next 10 years based on Framingham scoring and/or diabetes and or metabolic syndrome
(at least 3 metabolic syndrome or MetSyn components as defined above).This type of analysis allows determining the
additive value of emerging biomarkers on top of established risk factors: high BMI (obesity), high glucose (diabetes),
high blood pressure (hypertension), and low HDL cholesterol and/or high triglycerides (dyslipidemia), and low adiponectin.
Addition of RNA expression data for genes from the cluster particularly IRAK3, SOD2, TNFAIP3, and TNFAIP6 to the
metabolic syndrome components together with adiponectin improved clearly the hierarchical clustering and the PCA
representation of the 3 groups. Not only the lean controls (green) were separated better from the obese persons at low
risk (yellow), but also the obese persons at low risk were separated better from the obese persons at high risk (red).

Assessment of FFA and oxLDL on the expression of IRAK3 in a human monocyte cell line

[0153] As an example of a relevant human monocytic cell line we have chosen the MM6 cell. If we put the expression
of IRAK3 at baseline at 100 %, then the expression in the presence of FFA at a concentration equal to the mean FFA
concentration in the plasma of obese persons before weight loss was 80%. The expression in the presence of in vitro
oxidized LDL (50 Pg/ml) was 49%. As another example of a human monocyic cell line we have used THP-1 cells.
Incubation of THP-1 cells with oxidized LDL reduced IRAK3 expression with 58%.



EP 2 260 301 B9

42

5

10

15

20

25

30

35

40

45

50

55

Examples of tests for diagnosis and prognosis of metabolic syndrome disorders and cardiovascular diseases 
and for assessing the effect of interventions

[0154] A first approach for determining mRNA expression of specific cells in suspension combines flow cytometry with
in situ hybridization 77. This method maintains cellular integrity since it does not require the extraction and amplification
of mRNA. Furthermore, it allows for the detection of the cellular source of the message in a heterogeneous population
of cells thus avoiding monocyte isolation from whole blood. This way, the method provides the advantage to avoid 2
laborious and time-consuming steps. Indeed, the combination of flow cytometry with in situ hybridization makes a rapid
analysis of large numbers of cells at a rate of approx 2000 cells/s feasible. Further, multicolor flow cytometry allows the
resolution of very complex analytical mixtures. A schematic overview of the method is shown in figure 12. A small volume
of blood is drawn from the patient. In a first step, monocytes in whole blood are stained with an antibody specific for
monocyte surface markers e.g. CD14. This antibody is labeled with a marker for detection. In a second step, in situ
hybridization is performed. Riboprobes that carry a marker for detection are added and hybridize with the corresponding
mRNA of interest in a concentration-dependent way, which allows for quantitative detection of gene expression. The
use of different color markers for each riboprobe set that hybridizes to one gene, allows for simultaneous detection of
different messages. Finally, cells are guided through a flow cytometer and lasers excite the markers associated with the
riboprobes and the monocyte specific antibody. The marker specific fluorescent signals are measured and allow simul-
taneous message detection in the same cell.
Two other approaches make use of biosensors. The first approach requires the extraction of mRNA and depending on
the sensitivity of the bioreceptor, amplification of messages. A possible work flow for this approach is depicted in figure
13. To detect mRNA messages specifically in monocytes, we first need to select the monocytes out of whole blood. This
can easily be done by adding magnetic bead coupled antibody specific for monocytes, e.g. CD14. Through magnetic
forces, the monocytes can be moved out whole blood suspension. Next, the monocytes have to be lysed and RNA is
extracted. Depending on the sensitivity of the bioreceptor, RNA can be amplified isothermally using NASBA 78.
The bioreceptor for the detection of nucleic acids is a complementary nucleic acid 79. Hybridization of the target is then
detected through the generation of signal such as a current, fluorescence,... There are several possibilities. In this
figure/In our proposal, the bioreceptor is a molecular beacon immobilized to the recognition layer of the biosensor 80
A molecular beacon is a single-stranded oligonucleotide hybridization probe that forms a stem-and-loop structure. A
fluorophore is covalently linked to one end and a quencher is covalently linked to the other end. Molecular beacons do
not fluoresce when they are unbound because the stem places the fluorophore close to the quencher that inhibits the
fluorophore to fluoresce. When the probe encounters a target molecule, it forms a probe-target hybrid. Consequently,
the molecular beacon undergoes a spontaneous conformational reorganization that forces the stem hybrid to dissociate
and the fluorophore and the quencher to move away from each other, enabling them to fluoresce brightly.
Taking advantage of the properties of molecular beacons, we propose an alternative competitive assay that circumvents
the need for nucleic acid extraction in figure 14. After monocyte selection as described above, unlabeled riboprobes are
added to the monocyte suspension and can bind to the bioreceptor or to the intracellular target mRNA. The higher the
expression of our target mRNA, the lower the signal detected by the biosensor.

Table 1: Primers for RT-PCR analysis

Gene Symbol FORWARD REVERSE

BCL2L11 GGGCCACCGTGTCCATTA CCTGTGCCAATTCCCATGA
FOXO3A CAACAAAATGAAATCCATAGAAGCA AGTGTATGAGTGAGAGGCAATAGCA
IRAK3 TGCAACGCGGGCAAA TTTAGTGATGTGGGAGGATCTTCA
IRS2 GCTTCCCCAGTGCCTATCTTC AAACCAACAACTTACATCTCCAATGA
MAPK13 AAAGCGGCCAAATCCTACATC GGGAACAGCTGAGTGAAATCCT
MST1 TCTCAGCAAACACGGGACTGT AATCCCCTCTACCCCTGTGTGTA
MYD88 TGCATATCTTTGCTCCACTTTCA ATTCCCTCCCAAGATCCTAAGAA
SOD2 TGGAAGCCATCAAACGTGACT TTTGTAAGTGTCCCCGTTCCTT
TLR2 TGCAAGTACGAGCTGGACTTCTC GTGTTCATTATCTTCCGCAGCTT
TNFAIP3 TCCCTGCTCCTTCCCTATCTC ATGTTTCGTGCTTCTCCTTATGAA
TNFAIP6 GGCGATCTCGCAACTTACAAG GCAGCACAGACATGAAATCCA
TRAF6 CATGAAAAGATGCAGAGGAATCAC GAACAGCCTGGGCCAACAT
ZNF217 CGCCTGCGACGGATACAC TGGTCAGAGGCATCACATCAC
BACTIN GGACCTGACCGACTACCTCATG CGACGTAGCAGAGCTTCTCCTT
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Table 2: Top ten of gene functions which are overexpressed in monocytes of obese women

Functions of 592 
overexpressed 

genes
Rank

Number of 
overexpressed 

genes

Total number of genes 
with this function 

present on microchip

Percentage of 
overexpressed genes

Gene, cellular 
development, immune 
and lymphatic system 

development

1 29 35 83%

Cell-to-cell signalling 
and interaction, 
haematological 

system development 
and function, Immune

2 29 35 83%

Cancer, 
immunological 

disease, tumour
3 28 35 80%

Cell signalling, lipid, 
small molecule 
biochemistry

4 27 35 77%

Cancer, 
dermatological 
diseases and 

conditions, cellular 
development

5 23 35 66%

Cancer, cell-to-cell 
signalling and 

interaction, 
neurological disease

6 23 35 66%

Cancer, cell cycle, 
immunological 

disease
7 21 35 60%

Cell death, 
immunological 

disease, cellular 
growth

8 21 35 60%

Cellular assembly and 
cellular compromise, 

cellular function
9 20 35 57%

Table 3: Receiver Operating Characteristic Curve analysis of relation with obesity

Gene AUC Sensitivity % Specificity % PPV % NPV %

SOD2 0.81 (0.73 - 0.88)*** 72 84 94 44
TNFAIP6 0.81 (0.73 - 0.88)*** 70 88 96 44
TNFAIP3 0.76 (0.67 - 0.83)*** 51 96 98 34

IRAK3 0.72 (0.63 - 0.80)*** 39 92 96 33
TLR2 0.72 (0.63 - 0.80)*** 76 64 88 41

ZNF217 0.74 (0.65 - 0.82)*** 54 96 98 36
IRS2 0.70 (0.61 - 0.78)** 78 56 87 40

MAPK13 0.64 (0.55 - 0.73)** 37 96 97 29
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(continued)

Gene AUC Sensitivity % Specificity % PPV % NPV %

TRAF6 0.60 (0.51 - 0.69) 44 92 92 29
FOXO3A 0.60(0.50-0.70) 55 76 87 40
MYD88 0.52(0.42-0.62 24 88 86 27

Data present area under the curve and 95% confidence intervals; *P<0.05, **P<0.01,
***P<0.001. AUC: area under the curve; PPV: positive predictive value; NPV: negative
predictive value

Table 4: Fisher exact test analysis of relation with obesity

Gene Cut point OR Sensitivity % Specificity % NPV% PPV%

IRAK3 ≤ 0.85 11 92 (74-99) 49 (39-60) 32 (22-45) 96 (86-100)

SOD2 ≥ 1.67 10 80 (59-93) 72 (61-80) 43 (28-58) 93 (85-98)

TNFAIP6 ≥ 1.72 9.6 80 (59-93) 70 (60-79) 42 (28-57) 93 (85-98)

TNFAIP3 ≥ 2.14 7.8 88 (69-98) 51 (41-62) 32 (22-45) 94 (84-99)

ZNF217 ≤0.70 28 54(44-65) 96(80-99) 36(24-48) 98(90-99)

IRAK3+SOD2 Same as above 20 76 (55-91) 86 (78-93) 59 (41-76) 93 (86-97)

IRAK3+TNFAIP3 Same as above 17 80 (59-93) 82 (72-88) 53 (36-69) 94 (86-98)

IRAK3+TNFAIP6 Same as above 22 76 (55-91) 87 (79-93) 61 (42-78) 93 (86-97)

IRAK3+ZNF217 Same as above 23 76(66-84) 88(69-97) 49(34-64) 96(89-99)

SOD2+ZNF217 Same as above 19 79(69-86) 84(64-95) 51(35-67) 95(87-99)

TNFAIP3+ZNF217 Same as above 22 81(71-88) 84(64-95) 54(37-70) 95(88-99)

TNFAIP6+ZNF217 Same as above 22 87(79-93) 76(55-91) 61(42-78) 93(86-97)

IRAK3+SOD2+TN 
FAIP3

Same as above 56 95(88-98) 76(55-91) 79(58-93) 94(87-98)

IRAK3+SOD2+TN 
FAIP6

Same as above 96 97(91-99) 76(55-91) 86(65-97) 94(87-98)

IRAK3+TNFAIP3+TN 
FAIP6

Same as above 24 88(80-96) 76(55-91) 63(44-80) 93(86-97)

IRAK3+SOD2+ 
ZNF217

Same as above 18 85(77-92) 76(55-91) 58(39-75) 93(86-97)

IRAK3+ 
TNFAIP3+ZNF217

Same as above 21 84(75-91) 80(59-93) 57(39-74) 94(87-98)

IRAK3+ 
TNFAIP6+ZNF217

Same as above 96 97(91-99) 76(55-91) 86(65-97) 94(87-98)

SOD2+TNFAIP3+ 
ZNF217

Same as above 50 93(85-97) 80(59-93) 74(54-89) 95(88-98)

SOD2+TNFAIP6+ 
ZNF217

Same as above 56 95(88-98) 76(55-91) 79(58-93) 94(87-98)

TNFAIP3+TNFAIP6+ 
ZNF217

Same as above 30 90(83-96) 76(55-91) 68(86-98) 93(86-98)

IRAK3+SOD2+TNFA 
IP3+TNFAIP6

Same as above 47 76 (55-91) 94 (87-98) 76 (55-91) 94 (87-98)
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(continued)

Gene Cut point OR Sensitivity % Specificity % NPV% PPV%

IRAK3+SOD2+TNFA 
IP3+ZNF217

Same as above 294 99(94-99) 76(55-91) 95(75-99) 94(87-98)

IRAK3+SOD2+TNFA 
IP6+ZNF217

Same as above 466 100(96-100) 72(51-88) 100(81-100) 93(86-97)

IRAK3+TNFAIP3+TN 
FAIP6+ZNF217

Same as above 118 98(93-99) 72(51-88) 90(68-99) 93(86-97)

IRAK3+SOD2+TNFA 
IP3+TNFAIP6 

+ZNF217
Same as above 466 100(96-100) 72(51-88) 100(81-100) 93(86-97)

Cut-off values were determined by ROC curve analysis (see table 3). Sensitivities, specificities, and positive and
negative predictive values were presented as means and 95% confidence intervals. OR: chance of being obese when
having high or low (for IRAK3 and NF217) expressions compared with those having low or high expressions.

Table 5: Correlation between expressions of genes within the selected cluster

Genes IRAK3 TNFAIP3 TNFAIP6 SOD2

IRAK3 - NS NS NS
TNFAIP3 NS - 0.76**** 0.83****

TNFAIP6 NS 0.76**** - 0.88****

SOD2 NS 0.83**** 0.88**** -

ZNF217 NS -0.39 *** -0.47*** -0.48***

***P<0.001; **** P<0.0001

Table 6: Correlations between gene expressions of genes within the selected cluster and risk factors

Genes BMI Leptin Adiponectin Glucose Insulin HDL-C TG OxLDL IL6

IRAK3 -0.40*** -0.34*** 0.19* NS -0.21* NS -0.23* -0.33*** NS
SOD2 0.23* 0.25** NS NS NS 0.22* 0.19 0.26** 0.19*

TNFAIP6 0.30*** 0.29** NS NS NS NS NS 0.27 NS
TNFAIP3 NS NS NS NS NS NS NS NS NS
ZNF217 NS -0.20* NS NS -0.21* NS NS NS -0.22*

* P<0.05; ** P<0.01; *** P<0.001; NS: not significant

Table 7: Receiver Operating Characteristic Curve analysis of obese persons not treated with a statin

Gene AUC Sensitivity % Specificity % PPV % NPV %

SOD2 0.82 (0.71 - 0.90)*** 63 96 97 58
TNFAIP6 0.85 (0.75 - 0.92)*** 76 88 92 66
TNFAIP3 0.77 (0.65 - 0.86)*** 50 96 96 51

IRAK3 0.73 (0.62 - 0.83)*** 46 100 100 55
TLR2 0.78 (0.66 - 0.87)*** 76 76 85 63
IRS2 0.67 (0.54 - 0.77)* 39 92 90 45

MAPK13 0.65 (0.57 - 0.80)** 46 96 96 49
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(continued)

Gene AUC Sensitivity % Specificity % PPV % NPV %

ZNF217 0.75 (0.65 - 0.83)*** 55 96 98 36

Data present area under the curve and 95% confidence intervals; *P<0.05, **P<0.01, ***P<0.001. AUC: area under
the curve; PPV: positive predictive value; NPV: negative predictive value

Table 8: Receiver Operating Characteristic Curve analysis of obese persons treated with a statin

Gene AUC Sensitivity % Specificity % PPV % NPV %

SOD2 0.80 (0.69 - 0.88)*** 69 84 89 58
TNFAIP6 0.78 (0.67 - 0.87)*** 63 88 91 55
TNFAIP3 0.75 (0.63 - 0.84)*** 51 96 96 58

IRAK3 0.70 (0.59 - 0.81)** 47 92 92 47
TLR2 0.68 (0.56 - 0.78)** 80 56 78 59
IRS2 0.73 (0.61 - 0.82)*** 84 56 79 64

MAPK13 0.60 (0.48 - 0.71) 33 92 89 41
ZNF217 0.72 (0.63 - 0.81)*** 53 94 96 36

Data present area under the curve and 95% confidence intervals; *P<0.05, **P<0.01, ***P<0.001. AUC: area
under the curve; PPV: positive predictive value; NPV: negative predictive value

Table 9: Fisher exact test analysis of obese persons not treated with a statin

Gene Cut point OR Sensitivity % Specificity % PPV% NPV%

IRAK3 ≤ 0.77 39.5 100 (86-100) 43 (29-59) 49 (35-63) 100 (83-100)

SOD2 ≥ 1.82 19.6 92 (74-99) 63 (48-77) 58 (41-73) 94 (79-99)

TNFAIP6 ≥ 1.72 12.7 80 (59-93) 76 (61-87) 65 (45-81) 88 (73-96)

TNFAIP3 ≥ 2.14 6.7 88 (69-97) 48 (33-63) 48 (33-63) 88 (69-98)

IRAK3+ SOD2 Same as above 41.4 92 (74-99) 78 (64-89) 70 (51-84) 95 (82-99)

IRAK3+TNFAIP3 Same as above 41.4 92 (74-99) 78 (64-89) 70 (51-84) 95 (82-99)

IRAK3+TNFAIP6 Same as above 26.7 80 (59-93) 87 (74-95) 77 (56-91) 89 (76-95)

IRAK3+SOD2+ 
TNFAIP6+ TNFAIP3

Same as above 26.7 80 (59-93) 87 (74-95) 77 (56-91) 89 (76-96)

Cut-off values were determined by ROC curve analysis (see table 3). Sensitivities, specificities, and positive and
negative predictive values were presented as means and 95% confidence Intervals. OR: chance of being obese when
having high or low (for IRAK3) expressions.

Table 10: Fisher exact test analysis of obese persons treated with a statin

Gene Cut point OR Sensitivity % Specificity % PPV% NPV%

IRAK3 ≤ 0.85 10.0 92 (74-99) 47 (33-62) 47 (33-62) 92 (74-99)

SOD2 ≥ 1.67 9.1 80 (59-93) 69 (55-82) 57 (39-74) 87 (73-96)

TNFAIP6 ≥ 1.72 7.5 80 (59-93) 65 (50-78) 54 (37-71) 86 (71-95)

TNFAIP3 ≥ 2.14 7.6 88 (69-97) 51 (36-66) 48 (33-63) 89 (72-98)

IRAK3+ SOD2 Same as above 16 76 (55-91) 84 (70-93) 70 (50-86) 87 (74-95)

IRAK3+TNFAIP3 Same as above 15.6 80 (59-93) 80 (66-90) 67 (47-83) 89 (75-96)
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(continued)

Gene Cut point OR Sensitivity % Specificity % PPV% NPV%

IRAK3+TNFAIP6 Same as above 16 76 (55-91) 84 (70-93) 70 (58-86) 87 (74-95)

IRAK3+SOD2+ TNFAIP6+ 
TNFAIP3

Same as above 18 72 (51-88) 88 (75-95) 75 (53-90) 86 (73-94)

Cut-off values were determined by ROC curve analysis (see table 3). Sensitivities, specificities, and positive and
negative predictive values were presented as means and 95% confidence intervals. OR: chance of being obese when
having high or low (for IRAK3) expressions.

Table 11: Association between gene expression in monocytes and the occurrence of metabolic syndrome 
determined by Fisher exact test

Gene Cut point RR
Sensitivity 

%
Specificity 

%
PPV% NPV%

SOD2 ≥ 1.67 1.2 (0.9-1.8) 60 (46-72) 53 (39-65) 58 (45-70) 54 (40-68)
IRAK3 ≤ 0.77 1.6 (1.1-2.2) 52 (39-65) 72 (58-83) 67 (52-80) 58 (45-69)

TNFAIP6 ≥ 1.72 1.7 (1.1-2.5) 71 (58-82) 53 (39-66) 62 (50-73) 63 (47-76)
TNFAIP3 ≥ 2.14 1.7 (1.2-2.4) 53 (40-66) 74 (60-84) 69 (54-81) 59 (47-71)
ZNF217 ≤ 0.77 1.4 (098-1.9) 52 (39-65) 65 (51-77) 62 (47-75) 55 (43-67)

IRAK3+SOD2 Same as 
above

1.7 (1.0-2.8) 81 (69-90) 40 (28-54) 60 (48-70) 66 (48-80)

IRAK3+TNFAIP3 Same as 
above

2.1 (1.3-3.3) 79 (67-88) 50 (37-64) 64 (52-74) 69 (53-82)

IRAK3+TNFAIP6 Same as 
above

2.0 (1.1-3.6) 85 (74-93) 38 (25-51) 60 (49-71) 70 (51-85)

IRAK3+ZNF217 Same as 
above

1.7 (1.1-2.7) 74 (62-84) 51 (37-64) 62 (50-73) 64 (49-78)

SOD2+TNFAIP6 Same as 
above

2.1 (1.1-3.8) 87 (76-94) 35 (23-49) 59 (48-70) 71 (51-87)

SOD2+TNFAIP3 Same as 
above

2.7 (1.4-5.1) 87 (76-94) 46 (32-59) 64 (52-74) 76 (59-89)

SOD2+ZNF217 Same as 
above

1.7 (1.1-2.6) 76 (63-86) 46 (32-59) 60 (49-71) 63 (47-78)

TNFAIP3+TNFAIP6 Same as 
above

1.8 (1.2-2.8) 74 (62-84) 53 (39-66) 63 (51-74) 65 (50-79)

TNFAI3+ZNF217 Same as 
above

2.4 (1.4-4.1) 82 (70-91) 53 (39-66) 65 (54-76) 73 (57-86)

TNFAIP6+ZNF217 Same as 
above

1.8 (1.0-3.1) 85 (74.93) 33 (21-47) 60 (49-70) 67 (46-83)

lRAK3+SOD2+TNFAIP3 Same as 
above

3.9 (1.5-9.6) 94 (84-98) 37 (24-51) 62 (51-72) 84 (64-95)

IRAK3+SOD2+TNFAIP6 Same as 
above

4.5 (1.5-13) 95 (87-99) 33 (21-47) 61 (51-71) 86 (65-97)

IRAK3+SOD2+ZNF217 Same as 
above

1.9 (1.1-3.3) 88 (72-92) 37 (26-52) 60 (49-70) 69 (50-84)

IRAK3+TNFAIP3+TNFAIP6 Same as 
above

2.3 (1.2-4.2) 87 (76-94) 39 (26-52) 61 (50-71) 73 (54-88)
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(continued)

Gene Cut point RR
Sensitivity 

%
Specificity 

%
PPV% NPV%

IRAK3+TNFAIP3+ZNF217 Same as 
above

3.8 (1.7-8.7) 92 (82-97) 44 (31-58) 64 (53-74) 83 (65-94)

IRAK3+TNFAIP6+ZNF217 Same as 
above

4.5 (1.5-13) 95 (86-99) 33 (21-47) 61 (50-71) 86 (65-97)

SOD2+TNFAIP3+TNPAIP6 Same as 
above

1.6 (0.99-2.7) 82 (70-91) 35 (23-49) 58 (47-68) 65 (45-81)

SOD2+TNFAIP3+ZNF217 Same as 
above

4.2 (1.7-11) 94 (84-98) 41 (28-54) 63 (52-73) 85 (66-96)

SOD2+TNFAIP6+ZNF217 Same as 
above

2.9 (1.3-6.4) 92 (82-97) 33 (21-47) 60 (49-70) 79 (58-93)

TNFAIP3+TNFAIP6+ZNF217 Same as 
above

2.4 (1.2-4.7) 89 (78-95) 37 (24-51) 60 (50-71) 75 (55-89)

IRAK3+SOD2+TNFAIP3+T NFAIP6 Same as 
above

4.5 (1.5-13) 95 (87-99) 33 (21-47) 61 (50-71) 86 (65-97)

IRAK3+SOD2+TNFAIP3+Z NF217 Same as 
above

13 (1.9-89) 98 (91-99) 35 (23-49) 62 (52-72) 95 (76-100)

IRAK3+SOD2+TNFAIP6+Z NF217 Same as 
above

12 (1.7-79) 98 (91-99) 32 (20-45) 61 (51-71) 95 (74-100)

IRAK3+TNFAIP3+TNFAIP6+ZNF21
7

Same as 
above

4.5 (1.5-13) 95 (86-99) 33 (21.47) 61 (50-71) 86 (65-97)

IRAK3+SOD2+TNFAIP3+T 
NFAIP6+ZNF217

Same as 
above

12 (1.9-89) 98 (91-99) 32 (20-45) 61 (51-71) 95 (74-100)

Cut points were determined by ROC curve analysis. Sensitivities, specificities, and positive and negative predictive
values were presented as mean and 95% confidence intervals. RR: relative risk. NPV: negative predictive value; PPV:
positive predictive value. Persons treated and not treated with a statin were included in analysis.

Table 12 Association between gene expression in monocytes and cardiovascular risk equivalents

Gene Cut point RR
Sensitivity 

%
Specificity 

%
PPV% NPV%

SOD2 ≥ 1.85 1.4 (1.1-1.9) 61 (49-72) 61 (49-72) 73 (60-83) 48 (35-62)
TNFAIP3 ≥ 2.14 1.7 (1.3-2.3) 54 (42-66) 82 (67-92) 83 (70-93) 51 (39-64)

IRAK3 ≤ 0.77 1.7 (1.3-2.2) 51 (39-62) 84 (70-93) 84 (70-94) 50 (38-62)
TNFAIP6 ≥ 1.77 1.9 (1.4-2.7) 72 (60-82) 68 (52-81) 79 (68-88) 59 (44-72)

TNFAIP3+TNFAIP6 Same as 
above

1.8 (1.2-2.6) 75 (63-84) 59 (43-74) 76 (64-85) 58 (42-72)

IRAK3+TNFAIP3 Same as 
above

2.2 (1.5-3.4) 80 (69-88) 62 (47-67) 78 (67-87) 65 (49-79)

IRAK3+SOD2 Same as 
above

2.2 (1.4-3.4) 83 (72-90) 55 (39-70) 76 (65-84) 65 (47-80)

TNFAIP6+SOD2 Same as 
above

2.8 (1.5-5.2) 89 (80-95) 50 (35-65) 75 (65-84) 73 (54-88)

TNFAIP3 +SOD2 Same as 
above

2.9 (1.7-5.2) 88 (78-94) 57 (41-72) 78 (67-86) 74 (56-87)

IRAK3+TNFAIP6 Same as 
above

3.2 (1.8-5.7) 88 (78-94) 61 (45-76) 80 (69-88) 75 (58-88)
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Claims

1. An in vitro method of diagnosing a metabolic syndrome disorder phenotype in a subject, said method comprising:
(a) analyzing the level of IRAK3 expression or activity of expression product in a biological sample isolated from
said subject, and (b) compare said level of expression or activity with the IRAK3 expression or activity in a control
sample; whereby a decreased level of IRAK3 expression or activity relative to a control sample is an indication of
such metabolic syndrome disorder phenotype or a propensity thereto.

2. An in vitro method of diagnosing a metabolic syndrome disorder, or a propensity thereto in a subject, said method
(a) obtaining an expression profile in a biological sample isolated from said subject, wherein said expression profile
consists of the analysis of the level of IRAK3 expression or activity of an IRAK3 expression product in combination
with the gene expression level or activity of a gene product of at least one gene selected from the group consisting
of SOD2, TNFAIP36, TNFAIP3, TLR2, IRS2, and ZNF217; (b) comparing said obtained expression profile to a
reference expression profile to determine whether said sample is from subject having a metabolic syndrome disorder
phenotype or a propensity thereto.

3. The in vitro method of claims 1 or 2, wherein the metabolic syndrome disorder is an impaired adipose tissue accu-
mulation or adipocyte function, an impaired glucose tolerance condition, an insulin resistance or type II diabetes
disorder, a lipid homeostasis disorder or a cardiovascular disease related thereto.

4. The in vitro method of claim 4, wherein the cardiovascular disease is of the group consisting of hypertension, coronary
heart disease, heart failure, congestive heart failure, atherosclerosis, arteriosclerosis, stroke, cerebrovascular dis-
ease, myocardial infarction and peripheral vascular disease.

5. The in vitro method of claims 1, 2 or 3, said method comprising analyzing the level of IRAK3 expression or activity
of expression product in a sample isolated from said subject, whereby a decreased level of IRAK3 expression or
activity relative to a control sample is an indication of such adipose tissue disorder, lipid homeostasis disorder and/or
an impaired glucose tolerance or insulin resistance condition and/or related cardiovascular disease or a propensity
thereto.

6. The in vitro method of any of the previous claims, whereby the expression product is a nucleic acid molecule selected
from the group consisting of mRNA and cDNA or derived polypeptides.

7. The in vitro method of any of the previous claims, wherein the sample isolated form said subject is selected from a
group consisting of a) a liquid containing cells; (b) a tissue-sample; (c) a cell-sample and (a) a cell biopsy.

8. The method according to any of the claims 1 to 7, wherein the detection comprises an immuno-cytochemical detection
procedure.

9. The method according to any of the claims 1 to 7, wherein the detection reaction comprises a nucleic acid amplification
reaction.

10. An vitro method for identifying or monitoring a metabolic syndrome disorder therapy in a subject said method
comprising analysing the level of IRAK3 expression or activity of expression product in a sample isolated from said
subject before and after treatment with said therapy, whereby an increased level of IRAK3 compared to a sample
of said subject before the therapy is indicative for the efficacy of said therapy.

11. An vitro method for identifying or monitoring a metabolic syndrome disorder therapy in a subject said method
comprising analyzing the expression profile in a biological sample isolated from said subject before and after treatment
with said therapy, wherein said expression profile consists of the analysis of the level of IRAK3 expression or activity
of an IRAK3 expression product in combination with the gene expression level or activity of a gene product of at
least one gene selected from the group consisting of SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2, and ZNF217; and
whereby an increased level of IRAK3 and a decreased level of SOD2, TNFAIP3 and/or TNFAIP3 compared to a
sample of said subject before the therapy is indicative for the efficacy of said therapy.

12. A diagnostic test kit for use in diagnosing a metabolic syndrome disorder phenotype in a subject, or for use in
monitoring the effectiveness of therapy of metabolic syndrome disorder in patients receiving such therapy, or for
use in predicting whether a subject is a candidate for metabolic syndrome disorder comprising,
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- a) a predetermined amount of a first antibody specific for IRAK3, and a predetermined amount of an at least
second antibody specific for one or more of SOD2, TNFAIP6, TNFAIP3, TLR2 or IRS2
- b) a predetermined amount of a specific binding partner to said first antibody, and a predetermined amount
of a specific binding partner to said at least second antibody;
- c) buffers and other reagents necessary for monitoring detection of antibody bound to IRAK3 and said one or
more of SOD2, TNFAIP6, TNFAIP3, TLR2 or IRS2; and

wherein either said antibody or said specific binding partner are detectably labeled.

13. A diagnostic test kit for use in diagnosing a metabolic syndrome disorder phenotype in a subject, or for use in
monitoring the effectiveness of therapy of metabolic syndrome disorder in patients receiving such therapy, or for
use in predicting whether a subject is a candidate for metabolic syndrome disorder comprising:

- a) a predetermined amount of a first antibody specific for ZNF217, and a predetermined amount of an at least
second antibody specific for one or more of SOD2, TNFAIP6, TNFAIP3, TLR2, IRAK3 or IRS2;
- b) a predetermined amount of a specific binding partner to said first antibody, and a predetermined amount
of a specific binding partner to said at least second antibody;
- c) buffers and other reagents necessary for monitoring detection of antibody bound to ZNF217 and said one
or more of SOD2, TNFAIP6, TNFAIP3, TLR2, IRAK3, or IRS2; and

wherein either said antibody or said specific binding partner are detectably labeled.

14. A diagnostic test kit for use in diagnosing a metabolic syndrome disorder phenotype in a subject, or for use in
monitoring the effectiveness of therapy of metabolic syndrome disorder in patients receiving such therapy, or for
use in predicting whether a subject is a candidate for metabolic syndrome disorder comprising:

- a) one or more nucleic acids encoding one or more of the proteins selected from the group consisting of
ZNF217 and IRAK3;
- b) at least one nucleic acids encoding a proteins selected from the group consisting of SOD2, TNFAIP6,
TNFAIP3, TLR2, and IRS2;
- c) reagents useful for monitoring the expression level of the one or more nucleic acids or proteins encoded
by the nucleic acids of steps a) - b); and
- d) instructions for use of the kit.

Patentansprüche

1. Ein in vitro Verfahren zur Diagnose des Erscheinungsbilds einer Stoffwechselsyndromstörung bei einem Subjekt,
das genannte Verfahren umfasst: (a) die Analyse der Expressionshöhe von IRAK3 (IL-Rezeptor assoziierte Kinasen)
oder die Aktivität eines Expressionsprodukts in einer Probe biologischen Materials, isoliert vom genannten Subjekt,
und (b) Vergleich der genannten Expressionshöhe oder Aktivität mit der IRAK3 (IL-Rezeptor assoziierte Kinasen)
Expression oder Aktivität in einer Kontrollprobe; wobei eine verminderte Höhe der IRAK3 Expression oder Aktivität
relativ zur Kontrollprobe eine solche Stoffwechselsyndromstörung anzeigt oder eine Neigung dazu.

2. Ein in vitro Verfahren zur Diagnose einer Stoffwechselsyndromstörung, oder einer Neigung dazu, bei einem Subjekt,
das genannte Verfahren umfasst (a) die Herstellung eines Expressionsprofils in einer Probe biologischen Materials
isoliert vom genannten Subjekt, worin das genannte Expressionsprofil aus der Höhe der IRAK3 Expression oder
Aktivität eines IRAK3 Expressionsprodukts in Kombination mit der Genexpressionshöhe oder Aktivität eines Gen-
produkts von mindestens einem Gen aus einer Gruppe aus SOD2, TNF-a-induziertem Protein 6, TNF-a-induziertem
Protein 3, TLR2, IRS2, und ZNF217, besteht; (b) Vergleich des genannten Expressionsprofils mit einem Referenz-
expressionsprofil, um zu bestimmen, ob für die besagte Probe von dem Erscheinungsbild einer metabolischen
Syndromstörung oder einer Neigung hierzu auszugehen ist.

3. Das in Vitro Verfahren der Ansprüche 1 oder 2, worin die Stoffwechselsyndromstörung eine gestörte Fettgewebs-
ansammlung ist, oder eine adipozyte Funktion, eine gestörte Glukosetoleranz, eine Insulinresistenz oder Diabetes
Typ II, eine Lipidhomöostase oder eine diesbezügliche kardiovasluläre Krankheit.

4. Das in Vitro Verfahren von Anspruch 4, worin die Gruppe aus kardiovaskulären Krankheiten besteht, Bluthochdruck,
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koronare Herzkrankheit, Herzversagen, Arterienverkalkung, Schlaganfall, zerebrovaskuläre Krankheit, Myokardin-
farkt und periphere Gefäßkrankheit.

5. Das in vitro Verfahren von 1, 2 oder 3, das benannte Verfahren umfasst die Analyse der IRAK3 Expressionshöhe
oder die Aktivität des Expressionsprodukts aus einer Probe, isoliert aus besagtem Projekt, worin eine verminderte
Höhe der IRAK3 Expression oder Aktivität relativ zur Kontrollprobe auf eine solche Fettgewebsstörung, Lipidho-
möostasestörung und/oder gestörte Glukosetoleranz oder Insulinresistenz und/oder begleitende kardiovaskuläre
Krankheiten, oder Neigungen hierzu hinweist.

6. Das in Vitro Verfahren jeglicher der vorherigen Ansprüche, wobei das Expressionsprodukt ein Nukleinsäuremolekül
ist, aus der Gruppe mRNA und cDNA oder aus abgeleiteten Polypeptiden.

7. Das in vitro Verfahren einer der vorherigen Ansprüche, worin die isolierte Probe des benannten Subjekts aus
folgender Gruppe ist a) eine Flüssigkeit, die Zellen enthält; (b) eine Gewebeprobe; (c) eine Zellprobe und (a) ein
Zellbiopsie.

8. Eine Verfahren zu jedem der Ansprüche 1 bis 7, worin der Nachweis ein immunzytochemisches Nachweisverfahren
umfasst.

9. Das Verfahren entsprechend jedem der Ansprüche 1 bis 7, worin die Nachweisreaktion die Reaktion einer Nukle-
insäureverstärkung umfasst.

10. Ein in vitro Verfahren für die Bestimmung oder Überwachung einer Stoffwechselsyndromstörungstherapie bei einem
Subjekt, das genannte Verfahren umfasst die Analyse der Höhe der IRAK3 Expression oder der Aktivität des Ex-
pressionsprodukts in einer Probe des benannten Subjekts vor und nach der Behandlung mit der erwähnten Therapie,
wobei ein erhöhter Wert von IRAK3, verglichen mit der Probe des benannten Subjekts vor der Therapie, ein Hinweis
für die Wirkung der benannten Therapie ist.

11. Ein in vitro Verfahren für die Bestimmung oder Überwachung einer Stoffwechselsyndromstörungstherapie bei einem
Subjekt, das genannte Verfahren umfasst die Analyse des Expressionsprofils in einer biologischen Probe des
benannten Subjekts vor und nach der Behandlung mit der erwähnten Therapie, worin das genannte Expressionsprofil
aus der Analyse der Expressionshöhe der IRAK3 Expression oder der Aktivität eines IRAK3 Expressionsprodukts
in Kombination mit der Höhe der Genexpression oder Aktivität eines Genprodukts von mindestens einem Gen aus
der Gruppe SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2, und ZNF217 besteht; und wobei ein erhöhter Wert von IRAK3
und ein verringerter Wert von SOD2, TNFAIP3 und/oder TNFAIP3, verglichen mit der Probe des benannten Subjekts
vor der Therapie ein Hinweis für die Wirkung der benannten Therapie ist.

12. Ein diagnostischer Testsatz für die Anwendung bei der Diagnose des Erscheinungsbilds einer Stoffwechselsyn-
dromstörung bei einem Subjekt, oder für die Anwendung zur Überwachung der Therapiewirksamkeit einer Stoff-
wechselsyndromstörung bei Patienten, oder um festzustellen, ob ein Patient Kandidat für eine Stoffwechselsyn-
dromstörung ist, dies umfasst

- a) eine Vorbestimmte Menge eines ersten Antikörpers spezifisch für IRAK3, und eine Vorbestimmte Menge
von wenigstens einem zweiten Antikörper spezifisch für ein oder mehrere SOD2, TNFAIP6, TNFAIP3, TLR2
oder IRS2
- b) eine Vorbestimmte Menge eines spezifischen Bindungspartners zum erwähnten ersten Antikörper, und
eine Vorbestimmte Menge eines spezifischen Bindungspartners mindestens zum erwähnten zweiten Antikörper;
- c) Puffer und andere Reagenzien, die notwendig sind für die Überwachung des Nachweises von Antikörpern,
die an IRAK3 gebunden sind, mindestens einer der benannten SOD2, TNFAIP6, TNFAIP3, TLR2 oder IRS2;
und wobei der genannte Antikörper oder spezifische Bindungspartner detektierbar markiert ist.

13. Ein diagnostischer Testsatz für die Anwendung bei der Diagnose des Erscheinungsbilds einer Stoffwechselsyn-
dromstörung bei einem Subjekt, oder für die Anwendung bei der Überwachung der Therapiewirksamkeit einer
Stoffwechselsyndromstörung bei Patienten, die eine solche Therapie erhalten, oder zur Bestimmung, ob jemand
Kandidat für eine Stoffwechselsyndromstörung ist, dies umfasst:

- a) eine Vorbestimmte Menge von mindestens einem zweiten Antikörper spezifisch für ZNF217, und eine
Vorbestimmte Menge von mindestens einem zweiten Antikörper spezifisch für einen oder mehrere aus SOD2,
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TNFAIP6, TNFAIP3, TLR2, IRAK3 oder IRS2;
- b) eine Vorbestimmte Menge eines spezifischen Bindungspartners für den erwähnten ersten Antikörper, und
eine Vorbestimmte Menge eines spezifischen Bindungspartners mindestens für den erwähnten zweiten Anti-
körper;
- c) Puffer und andere Reagenzien, die notwendig sind für die Überwachung des Nachweises von Antikörpern,
die an ZNF217 gebunden sind und benannte eine oder mehrere aus SOD2, TNFAIP6, TNFAIP3, TLR2, IRAK3,
oder IRS2; und worin entweder der benannte Antikörper oder der benannte spezifische Bindungspartner de-
tektierbar markiert ist.

14. Ein diagnostischer Testsatz für die Anwendung bei der Diagnose des Erscheinungsbilds einer Stoffwechselsyn-
dromstörung bei einem Subjekt, oder für die Anwendung bei der Überwachung der Therapiewirksamkeit einer
Stoffwechselsyndromstörung bei Patienten, die eine solche Therapie erhalten, oder um zu bestimmen, ob jemand
Kandidat für eine Stoffwechselsyndromstörung ist, dies umfasst:

- a) eine oder mehrere Nukleinsäuren, die eine oder mehre Proteine aus der Gruppe ZNF217 und IRAK3
kodieren; - b) mindestens eine Nukleinsäure, die Proteine aus der Gruppe SOD2, TNFAIP6, TNFAIP3, TLR2,
and IRS2 kodiert;
- c) nützliche Reagenzien für die Überwachung der Expressionshöhe von einer oder mehreren Nukleinsäuren
oder Proteinen, kodiert durch die Nukleinsäuren von Schritt a) - b); und
- d) Anweisungen für die Anwendung des Satzes.

Revendications

1. Une méthode de diagnostic in vitro du syndrome d’insulino-résistance chez un patient, ladite méthode comprenant:
(a) l’analyse du niveau d’expression génique ou d’expression IRAK3, dans un prélèvement biologique isolé dudit
patient, et (b) la comparaison dudit niveau d’expression ou activité avec l’expression ou l’activité IRAK3 dans un
échantillon témoin; où un niveau plus faible d’expression ou d’activité IRAK3 par rapport à un échantillon témoin
est un indicateur de l’existence d’un tel syndrome d’insulino-résistance ou une propension envers ce syndrome.

2. Une méthode de diagnostic in vitro d’un syndrome d’insulino-résistance, ou d’une propension envers ce syndrome
chez un patient, ladite méthode (a) obtenant un profil de l’expression génique dans un échantillon biologique isolé
dans ledit patient, dans lequel le profil d’expression génique consiste en une analyse du niveau d’expression ou
d’activité IRAK3 combiné avec le niveau de l’expression ou de l’activité du gène d’un produit génétique d’au moins
un gène, sélectionné dans un groupe de en SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2, et ZNF217; (b) en comparant
le profil d’expression génique avec une expression de profil de référence afin de déterminer si ledit échantillon
provient du patient ayant un syndrome d’insulino-résistance ou une propension envers ce syndrome.

3. La méthode in vitro des faits 1 ou 2, où le syndrome d’insulino-résistance est une accumulation de tissus adipeux
ou d’une fonction adipeuse altérée, une condition de tolérance au glucose altéré, un syndrome de résistance à
l’insuline ou diabète de type II, un trouble d’homéostasie lipidique ou une maladie cardiovasculaire voisine.

4. La méthode in vitro des faits 4, dans lequel la maladie cardiovasculaire appartient à un groupe d’hypertension,
d’insuffisance coronaire, d’insuffisance cardiaque, d’insuffisance cardiaque congestive, d’athéroscléroses, d’arté-
rioscléroses, d’apoplexie, de maladie cérébro-vasculaire, d’infarctus du myocarde et de résistance vasculaire pé-
riphérique.

5. La méthode in vitro des faits 1, 2 ou 3, ladite méthode comprenant une analyse du niveau d’expression génique ou
d’activité IRAK3 dans un échantillon isolé dudit patient, où un niveau plus faible d’expression ou d’activité IRAK3
en rapport avec un échantillon témoin, est un indicateur de ce syndrome de tissus adipeux, d’un trouble d’homéostasie
lipidique et/ou d’une tolérance au glucose altéré ou d’une condition de résistance à l’insuline et/ou en rapport avec
une maladie cardiovasculaire ou une propension envers ce syndrome.

6. La méthode in vitro d’un des faits précédents, où l’expression génique est une molécule d’acide nucléique sélec-
tionnée d’un groupe de mRNA et cDNA ou de polypeptides dérivés.

7. La méthode in vitro d’un des faits précédents, où l’échantillon isolé dudit patient est sélectionné à partir d’un groupe
de a) liquide contenant des cellules; (b) un échantillon du tissu; (c) un échantillon cellulaire et (a) une biopsie cellulaire.
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8. La méthode conforme à l’une des faits 1 à 7, par lequel la détection comprend une procédure de détection immu-
nocytochimique.

9. La méthode conforme à l’un des faits 1 à 7, où la réaction de mise en évidence comprend une réaction d’amplification
d’acide nucléique.

10. Une méthode in vitro afin d’identifier ou de contrôler une thérapie du syndrome d’insulino-résistance chez un patient,
ladite méthode comprenant une analyse du niveau d’expression génique ou d’activité IRAK3 dans un échantillon
isolé dudit patient, avant et après le traitement, avec ladite thérapie, où un niveau plus élevé d’IRAK3 comparé à
un échantillon dudit patient avant la thérapie, est un indicateur de l’efficacité de ladite thérapie.

11. Une méthode in vitro pour identifier ou contrôler une thérapie de syndrome d’insulino-résistance chez un patient,
ladite méthode comprenant une analyse du profil d’expression génique dans un échantillon biologique isolé dudit
patient, avant et après le traitement avec ladite thérapie, par lequel le profil d’expression consiste en une analyse
du niveau d’expression génique ou d’activité IRAK3 combiné avec le niveau d’expression génique ou d’activité d’un
produit génique d’au moins un des gènes sélectionnés dans groupe de SOD2, TNFAIP6, TNFAIP3, TLR2, IRS2,
et ZNF217; et par lequel un niveau plus élevé d’IRAK3 et un niveau moindre de SOD2, TNFAIP3 et/ou TNFAIP3
comparé à l’échantillon dudit patient, avant la thérapie, sont un indicateur de l’efficacité de ladite thérapie.

12. Un kit de test diagnostique utilisé pour diagnostiquer un syndrome d’insulino-résistance chez un patient, ou pour
contrôler l’efficacité de la thérapie du syndrome d’insulino-résistance chez des patients suivant cette thérapie, ou
pour prédire si le patient est un candidat potentiel du syndrome d’insulino-résistance comprenant,

- a) une quantité prédéterminée du premier anticorps spécifique à l’ IRAK3, et une quantité prédéterminée d’au
moins un deuxième anticorps spécifique pour un ou plus des ou SOD2, TNFAIP6, TNFAIP3, TLR2 ou IRS2
- b) une quantité prédéterminée d’un partenaire spécifique de liaison du premier anticorps, et une quantité
prédéterminée de partenaire spécifique de liaison, au moins du second anticorps;
- c) les substances tampons et autres réactifs nécessaires pour le contrôle de détection d’un anticorps lié à
l’IRAK3 et pour un ou plusieurs SOD2, TNFAIP6, TNFAIP3, TLR2 ou IRS2; et

où soit ledit anticorps où ledit partenaire de liaison spécifique sont catalogués de façon intelligible.

13. Un kit de test diagnostique à utiliser pour diagnostiquer le syndrome d’insulino-résistance chez un patient, ou pour
contrôler l’efficacité de la thérapie du syndrome d’insulino-résistance chez les patients suivant cette thérapie, ou
pour prévoir si le patient est un candidat potentiel du syndrome d’insulino-résistance comprenant:

- a) une quantité prédéterminée d’un anticorps spécifique pour le ZNF217, et une quantité prédéterminée d’au
moins un deuxième anticorps spécifique pour un ou plusieurs SOD2, TNFAIP6, TNFAIP3, TLR2, IRAK3 ou IRS2;
- b) une quantité prédéterminée de partenaires de liaison spécifique pour le premier anticorps, et une quantité
prédéterminée de partenaires de liaison spécifique du deuxième anticorps;
- c) les substances tampons ou autres réactifs nécessaires pour contrôler la détection des anticorps liés au
ZNF217 et un ou plusieurs SOD2, TNFAIP6, TNFAIP3, TLR2, IRAK3, ou IRS2; et

où les anticorps ou ledit partenaire de liaison spécifique sont catalogués de façon intelligible.

14. Un kit de test diagnostique utilisé pour diagnostiquer un syndrome d’insulino-résistance chez un patient, ou pour
contrôler l’efficacité de la thérapie du syndrome d’insulino-résistance chez des patients suivant cette thérapie, ou
pour prévoir si le patient est un candidat potentiel au syndrome d’insulino-résistance comprenant:

- a) un ou plusieurs acides nucléiques encodés, une ou plusieurs des protéines sélectionnées dans le groupe
de ZNF217 et d’IRAK3;
- b) au moins un encodage d’acides nucléiques des protéines sélectionnées dans un groupe de SOD2, TNFAIP6,
TNFAIP3, TLR2, et IRS2;
- c) des réactifs utiles dans le contrôle de l’expression génique niveau d’un ou plusieurs acides nucléiques ou
protéines encodées par des acides nucléiques des étapes a) - b); et
- d) instructions pour le kit.
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