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Description

[0001] The present invention relates to methods for the diagnosis of impaired cardiac function/heart disease, diagnosis
of underlying pathophysiological processes activated in individuals with impaired cardiac function/ heart disease, mon-
itoring of individuals with impaired cardiac function/ heart disease, including monitoring of therapy, and/or estimation of
prognosis in individuals with impaired cardiac function/ heart disease.
[0002] Heart disorders or diseases, which can be defined as all diseases associated with pathology in the heart either
due to direct injury to the heart itself or secondary to strain on the heart from other sources, i.e. hypertension, are generally
characterised by impaired or altered cardiac function. Heart disease affects a large number of people worldwide and in
particular in the Western world, and heart disorders or diseases are responsible for a reduced quality of life and premature
death in a significant proportion of sufferers. Heart disease occurs in men, women, and children of both sexes, but is
particularly prevalent in men and in elderly or middle aged people.
[0003] Heart failure, i.e. congestive heart failure (CHF or HF), can be defined as a syndrome in which the heart is
unable to pump sufficient blood to meet the requirements of the peripheral organs in terms of oxygen and cell nutrients
at rest and/ or during effort, alternatively only at abnormally elevated diastolic pressures or volumes (Colucci WS,
Braunwald E., Pathophysiology of Heart Failure, p. 509. In Braunwald’s Heart Disease 7th Edition, ed. Braunwald E.
Elsevier Saunders 2004, Philadelphia, PA).
[0004] There are a number of different causes of heart failure of which the most common in the Western world is
coronary artery disease. Other common causes are cardiomyopathy (primary or secondary), hypertension, valvular
diseases, and congenital defects.
[0005] Approximately 70% of heart failures in the Western world are caused by coronary artery disease, which is
usually due to atherosclerosis. Atherosclerosis will result in narrowing of the vessels in the heart leading to inadequate
blood supply to the myocardium and the cardiomyocytes (cardiac muscle cells). Such heart disorders which involve a
reduced supply of blood to the heart are often given the general term ischemic heart disease, and ischemic heart disease
(or ischemic cardiomyopathy) is the major etiologic group of heart failure in the Western world.
[0006] A reduced blood supply to the heart can manifest itself as angina pectoris (pain in the chest due to inadequate
myocardial oxygen supply), acute myocardial infarction (which is the result of acute coronary artery occlusion causing
a damaged myocardium with scar tissue; such an area cannot sustain cardiac muscle function), and sudden deaths due
to arrhythmias mediated by dysfunction in cardiomyocyte calcium homeostasis, and more specifically; due to dysfunc-
tional ryanoidine receptor function in the ventricular cardiomyocytes. If the blood supply to the heart is reduced over
time, or if the myocardium has been substantially weakened by infarction with scar tissue, the heart function will become
weakened with reduced pumping ability leading to the clinical manifestation of chronic systolic heart failure. However,
heart failure may also develop in the presence of normal left ventricular pumping function. This condition, which often
is referred to as diastolic heart failure or heart failure with preserved ejection function, also results in an inability of the
heart to pump sufficient blood to meet the requirements of the peripheral organs in terms of oxygen and cell nutrients
at rest and/ or during effort, alternatively only at abnormally elevated diastolic pressures or volumes (Guidelines European
Society of Cardiology., Eur Heart J. 2008;29:2388-2442).
[0007] Clearly, with heart disease being so common worldwide, much effort has been associated with trying to develop
treatments and therapies. Non-pharmacological treatments include reduction of sodium intake, fluid restriction, a modified
diet, weight loss, weight monitoring and controlled exercise programmes. In more serious cases heart disorders may
be treated by surgical means, for example coronary bypass surgery, coronary angioplasty, fitting of a pacemaker,
implanting a defibrillator (e.g. an ICD - implantable cardioverter-defibrillator device) or a mechanical pump (e.g. a left
ventricular assist device, LVAD), surgical remodelling of the heart, transplantation, or even implantation of an artificial
heart.
[0008] A number of pharmaceutical treatments are available and are well known and documented in the art. Such
treatments for example involve the use of diuretics, vasodilators, inotropic drugs such as digoxin, anticoagulants, β
blockers, aldosterone agonists, angiotensin converting enzyme (ACE) inhibitors or angiotensin type 2 receptor blockers
(ARBs).
[0009] Although treatment has been substantially improved during recent years (for example, better treatment strat-
egies for acute coronary syndromes have reduced the early, myocardial infarction (MI) related mortality), the mortality
and morbidity for heart disease is still substantial. In addition, as more patients survive the initial MI more patients also
develop post-MI heart failure. Furthermore, the hospital admissions rate is high and heart disease is the single most
common cause of admissions in the UK and the US.
[0010] Thus, the burden of heart disease, and in particular heart failure, is increasing and there is a need for better
diagnostic and risk prediction (prognostic) tools for patients suffering from all types of heart disease (Jessup M et al. N
Engl J Med 2003;348:2007-2018). This is especially the case as heart disease and heart failure is often difficult to
diagnose, particularly in the emergency department or urgent care setting. This difficulty in diagnosis is due to the fact
that the symptoms may be nonspecific and physical findings are not always sensitive enough to use as a basis for an
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accurate diagnosis. For example, although echocardiography might be considered to be a good means of diagnosis in
various cardiac diseases, it is not always easily accessible as most physicians are not competent in performing echocar-
diography, and may not always reflect an acute condition. Furthermore, mis-diagnosis of heart disease can be life
threatening because some of the treatments are hazardous to patients with other conditions. For all these reasons
improved or alternative diagnostic and prognostic tests which are less subjective and which can quickly and easily be
carried out on patients at the point of treatment or in an emergency situation are much sought after.
[0011] Better tools for the identification of the underlying pathophysiological process or processes activated in individual
patients would also be of substantial progress, as patients suffering from the same cardiac disease may have different
pathophysiological axes activated, e.g. inflammation, neuroendocrine activity, myocardial remodelling, apoptosis/necro-
sis, dysfunctional cardiomyocyte calcium regulation.
[0012] A more individualized approach to patients with heart disease will most likely improve patient treatment and
care, and thus prognosis. Better tools for monitoring patients either before treatment, i.e. in the situation of "watchful
waiting" before surgery, e.g. valvular cardiac surgery, or before the start of pharmaceutical treatment, or during or after
treatment to evaluate the effect of treatment and to look for signs of therapy failure, would also be beneficial for patient
treatment, care and prognosis.
[0013] It would also be helpful to be able to identify individuals with subclinical heart disease, i.e. individuals with
impaired cardiac function but no overt symptoms, and thus non-recognized heart disease. If such individuals could be
identified then appropriate protective measures or therapy could be undergone to try and prevent the heart disease
progressing.
[0014] The field of biomarkers has expanded dramatically during the last decade. The success and clinical implemen-
tation of the cardiac specific troponins (TnI, TnT) and the natriuretic peptides (BNP, NT-proBNP) has spurred the interest
in identifying novel and potentially better cardiovascular biomarkers than the troponins and natriuretic peptides. The
strategy of combining a panel of biomarkers that measure different aspects of cardiovascular disease in a multimarker
approach has also received attention, but to date the quality of existing biomarkers are not good enough for this approach
to guide treatment strategies.
[0015] Thus, it can be seen that there is a need for alternative and preferably improved biomarkers of heart disease,
either for use alone as a single marker, or for use in combination with other biomarkers in a multimarker assay. Identification
of novel biomarkers may potentially have clinical implications for a large number of patients.
[0016] Chromogranin B (CgB) and Secretogranin II (SgII, Sg2, prosecretoneurin, or chromogranin C) are proteins of
50kDa and 67kDa, respectively, (calculated molecular weights), that are part of a family of acidic proteins called the
granin protein family.
[0017] The most investigated protein in this family is chromogranin A (CgA). During the past two decades, CgA has
been used clinically as a diagnostic biomarker for neuroendocrine tumors, such as pheochromocytomas, carcinoids and
neuroblastomas (O’Connor DT et al., N Engl J Med 1986; 314:1145-51, Syversen U et al., Eur J Gastroent Hepatol
1993;5:1043-1050, Hsiao RJ et al., J Clin Invest 1990;85:1555-1559). Lately however, CgA level has also been shown
to increase with severity of heart failure (Ceconi C et aL, Eur Heart J 2002;23:967-974), and to be an independent
predictor of mortality and heart failure development in different cohorts of patients with acute coronary syndromes
(Omland T et al., Am J Med 2003;14:25-30, Estensen ME et al., Am Heart J. 2006;152:927.e1-e6, Jansson AM et al.,
Eur Heart J. 2009;30:25-32). CgA thus seems to be associated with and to be a marker of severity in cardiovascular
disease, and especially heart failure development.
[0018] A confounding factor however, possibly reducing CgA’s merit as an important cardiovascular biomarker, is the
increase in CgA levels seen after the use of both histamine receptor type 2 blockers (H2-blockers) and proton pump
inhibitors (PPIs) due to hyperplasia of the neuroendocrine cells in the stomach, and thus greatly increased secretion of
CgA (Sanduleanu S et al., Aliment Pharmacol Ther 1999;13:145-153, Sanduleanu S et al., Eur J Clin Invest
2001;31(9):802-811, Giusti M et al., European Journal of Endocrinology 2004;150:299-303). H2-blockers and PPIs are
common medications taken for all kinds of upper gastrointestinal problems such as gastrooesophagial reflux disease,
stomach ulcers among others, and are frequently used by, and recommended in, heart disease patients to protect from
upper gastrointestinal problems which is a well-known major side-effect of anticoagulant use (Saini SD et al., Arch Intern
Med 2008;168:1684-1690). By greatly increasing the circulating levels of CgA these medications are important con-
founders for the use of CgA as a biomarker in heart disease as CgA in this setting will not reflect the cardiac status of
the individual, but rather the medication taken. Actually, the merit of CgA as a cardiovascular biomarker in patients taking
H2-blockers or PPIs has not yet been investigated as these patients so far have been excluded from the published
studies on CgA and cardiovascular disease.
[0019] Much less is currently known about CgB and SgII (and indeed the other members of the granin protein family).
However, both CgB and SgII are known to act as pro-peptides from which other peptides are produced (Taupenot L et
al., New Engl J Med 2003;348:1134-1149, Helle KB. Biol Rev. 2004;79:769-794).
[0020] Wen et al. (2007, Hum. Mol. Genet., 16(14), 1752-1764) report an ancestral variant of Secretogranin II confers
regulation by PHOX2 transcription factors and association with hypertension.
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[0021] Studies on CgB and SgII are thus quite minimal at this stage. For example, although the measurement of
circulating CgB has been carried out in patients with neuroendocrine tumors (Stridsberg et al., 2007, 139:80-83), CgB
was shown to be significantly less sensitive as a biomarker for neuroendocrine tumors than CgA (Stridsberg M et al.,
2005, Reg Peptides; 125: 193-199, Stridsberg M et al., 2004, Reg Peptides; 117: 219-227). The same is the case for
SgII (Stridsberg M et al., 2008, Reg Peptides; 148: 95-98). Stridsberg et al. (1995, J. Endocrinol., 144(1), 49-59) describe
measurement of chromogranin A, chromogranin B (secretogranin I), chromogranin C (secretogranin II) and pancreastatin
in plasma and urine from patients with carcinoid tumours and endocrine pancreatic tumours.
[0022] Indeed, CgB is known to be present at a much lower level than CgA in blood (and other body fluids) of normal
individuals (Stridsberg M et al., 2005, Reg Peptides; 125: 193-199, Stridsberg M et al., 2004, Reg Peptides; 117: 219-227).
The same is true for SgII, although here the levels are even lower (Stridsberg M et al., 2008, Reg Peptides; 148: 95-98).
[0023] Thus, unlike the case for CgA, the rationale for the potential use of circulatory levels, or levels in other body
fluids, of CgB or SgII as biomarkers of disease are uncertain and as yet unproven.
[0024] A recent study (Heidrich et al., 2008, Circulation Research, 102(10):1230-8) has shown that CgB is expressed
intracellularly in cardiomyocytes and is an intracellular regulator of signalling and BNP production. CgB was not however
shown to have an extracellular role or to be secreted from the heart tissue meaning that, unlike BNP, CgB would have
limited practical potential as a biomarker of heart disease. Indeed, there are numerous examples of important intracellular
proteins in the heart which are not secreted, and thus have no real potential as biomarkers of heart disease as they are
not detectable in a circulatory or other body fluid sample.
[0025] Thus, before the present invention, there was no suggestion in the art that body fluid levels, in particular
circulating levels, of CgB or SgII could be used as biomarkers in the diagnosis or prognosis of heart disease. Surprisingly
however, it has now been found that levels of CgB and SgII in a body fluid of a subject, for example in a circulatory
sample or a saliva sample, can be used to diagnose the presence and also the clinical severity of heart disease. In an
alternative embodiment, levels of SgII in a body fluid of a subject, for example in a circulatory sample or a saliva sample,
can be used in the prognosis of the future severity, course and outcome of heart disease. Also disclosed herein is that
levels of CgB in a body fluid of a subject, for example in a circulatory sample or a saliva sample, can be used in the
prognosis of the future severity, course and outcome of heart disease.
[0026] CgB and SgII have thus been found to be new cardiovascular biomarkers that are related both to the diagnosis
of heart disease and prognosis in individual patients, as CgB and SgII levels are regulated according to severity of heart
failure with increasing circulating levels for the highest New York Heart Association (NYHA) functional classes, which
classification is accepted as a robust indicator of severity in heart failure and closely linked to patient prognosis. Fur-
thermore, the potential of these proteins as markers used for establishing risk in patients with heart disease are reflected
by the close association found between CgB and SgII levels in peripheral blood and saliva and patients with dysregulated
cardiomyocyte calcium regulation, a sine qua non criterion for sudden cardiac death, and patients with ischemic heart
disease.
[0027] Importantly and advantageously, the methods of the present invention involving the measurement of levels of
CgB and SgII to diagnose heart disease are better than prior art methods involving the measurement of CgA. In this
regard, the CgB and SgII methods described herein have surprisingly been shown to be more accurate than assays
involving the measurement of CgA.
[0028] This is evident when comparing discriminatory ability between healthy individuals and patients with heart disease
for CgB, SgII and CgA in the same patient cohort with clearly superior area under the receiver-operating characteristic
curve (ROC-AUC) for CgB and SgII compared to CgA. ROC-AUC is considered the optimal test for evaluating diagnostic
utility for a biomarker (Pepe MS et al., 2004, Am. J. Epidemiology; 159: 882-890). CgB and SgII have thus been found
to have a superior sensitivity and specificity for diagnosing heart disease vs. CgA across the entire spectrum of cutoff
values.
[0029] The experimental work described herein also shows myocardial CgB gene expression to be more closely linked
to severity of heart disease than BNP gene expression (severity of disease measured by animal lung weights), while
the relative increase in SgII gene expression in heart disease was far superior to the increase in BNP gene expression
from baseline, both further supporting and strengthening the role of CgB and SgII as important novel cardiovascular
biomarkers. Additionally, both myocardial and circulating levels of CgB and SgII were closely correlated with myocardial
remodelling as evaluated by left ventricle mass (another indicator of the severity of heart disease), indicating that these
proteins also measure the compensatory hypertrophic response in the myocardium during heart failure development,
reflecting another important role for CgB and SgII as cardiovascular biomarkers. CgB and SgII levels in blood and saliva
are also increased in patients with Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT), a purely calcium
related cardiac disorder, a condition and pathophysiological process currently not detected by conventional cardiac
biomarkers, echocardiography, or other cardiac imaging such as cardiac MRI.
[0030] A further advantage which the methods of the present invention have over assays involving the measurement
of CgA levels is that CgB and SgII levels are not affected by H2-blockers and PPIs as, unlike CgA, they are not considered
to be produced in the neuroendocrine cells of the stomach (Stridsberg M et al., 2005, Reg Peptides; 125: 193-199,
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Stridsberg M et al., Regulatory Peptides 2007;139:80-83, Stridsberg M et al., 2008, Reg Peptides; 148: 95-98). This
was also confirmed in our data where circulating levels of CgB and SgII were not affected by PPI use, while CgA levels
were clearly increased in PPI users compared to heart failure patients not using PPIs.
[0031] Another potential advantage of using CgB and SgII instead of CgA is that they have been reported to be less
affected by decreased renal function compared to CgA (Stridsberg M et al., 2005, Reg Peptides; 125: 193-199, Stridsberg
M et al., 2008, Reg Peptides; 148: 95-98), decreased renal function also being an important confounder in the use of
CgA as a cardiovascular biomarker. CgB and SgII thus seem to be better cardiovascular biomarkers than CgA.
[0032] The present invention provides an in vitro method of diagnosing heart disease in a subject, said method com-
prising determining the level of secretogranin II, or fragments thereof, in a body fluid of said subject, wherein said
secretogranin II fragments are secretoneurin (SN), or fragments containing the secretogranin II epitope corresponding
to amino acid residues 154-165 or 172-186 of secretogranin II.
[0033] The present invention also provides an in vitro method of determining the clinical severity of heart disease or
a method for the prognosis of heart disease in a subject, said method comprising determining the level of secretogranin
II, or fragments thereof, in a body fluid of said subject, wherein said secretogranin II fragments are secretoneurin (SN),
or fragments containing the secretogranin II epitope corresponding to amino acid residues 154-165 or 172-186 of se-
cretogranin II.
[0034] The present invention also provides an entity which has the ability to bind to secretogranin II or fragments
thereof, for use in the in vivo diagnosis of heart disease in a subject which has heart disease or which potentially has
heart disease, comprising the administration of an appropriate amount of an entity which has the ability to bind to
secretogranin II or fragments thereof, to the subject and detecting by imaging the presence and/or amount and/or the
location of said entity in the subject, wherein said secretogranin II fragments are secretoneurin (SN), or fragments
containing the secretogranin II epitope corresponding to amino acid residues 154-165 or 172-186 of secretogranin II.
[0035] The present invention also provides a method of testing the therapeutic potential of a substance for the treatment
of heart disease, comprising administering a test substance to an experimental animal suffering from heart disease and
determining the level of secretogranin II, or fragments thereof, in said animal, preferably a decrease or lowering of
secretogranin II levels is indicative of a test substance with therapeutic potential, wherein said secretogranin II fragments
are secretoneurin (SN), or fragments containing the secretogranin II epitope corresponding to amino acid residues
154-165 or 172-186 of secretogranin II.
[0036] The present invention also provides an in vitro method for identifying an activated pathophysiological axis in a
subject with heart disease, for identifying a subject with heart disease requiring more intensive monitoring, or for identifying
a subject with heart disease which might benefit from early therapeutic intervention, said method comprising determining
the level of secretogranin II, or fragments thereof, in a body fluid of said subject, wherein said secretogranin II fragments
are secretoneurin (SN), or fragments containing the secretogranin II epitope corresponding to amino acid residues
154-165 or 172-186 of secretogranin II.
[0037] The present invention also provides an in vitro method for monitoring the progress or severity of heart disease,
for assessing the effectiveness of heart disease therapy, for monitoring the progress of heart disease therapy, or for
monitoring a healthy individual, said method comprising determining the level of secretogranin II, or fragments thereof,
in a body fluid of said subject, preferably wherein an increase in the level of secretogranin II, or fragments thereof, is
indicative of progression or increased severity of heart disease or early signs of development of heart disease, or wherein
a decrease in the level of secretogranin II, or fragments thereof, is indicative of improvement or reduced progression,
wherein said secretogranin II fragments are secretoneurin (SN), or fragments containing the secretogranin II epitope
corresponding to amino acid residues 154-165 or 172-186 of secretogranin II.
[0038] Also disclosed herein is a method of diagnosing heart disease in a subject, said method comprising determining
the level of CgB or SgII, or fragments thereof, in a body fluid of said subject. The methods of the invention may optionally
comprise comparing the level of CgB or SgII found in said subject to a control level.
[0039] It should be noted however that although the control level for comparison would generally be derived by testing
an appropriate set of control subjects, the methods of the invention would not necessarily involve carrying out active
tests on such a set of control subjects but would generally involve a comparison with a control level which had been
determined previously from control subjects.
[0040] An increased level of CgB or SgII in a subject being diagnosed is indicative of heart disease.
[0041] Preferably the level of the biomarker in question is determined by analysing a test sample which is obtained
from or removed from said subject by an appropriate means. The determination is thus preferably carried out in vitro.
[0042] For a positive diagnosis to be made, the level of biomarker in the test sample or subject is increased, preferably
significantly increased, compared to the level found in an appropriate control sample or subject. More preferably, the
significantly increased levels are statistically significant, preferably with a probability value of <0.05.
[0043] Viewed alternatively, an increase in level of the biomarker of ≥ 10%, ≥ 15%, ≥ 20%, ≥ 25%, ≥ 30% or ≥ 35 %
compared to the level found in an appropriate control sample or subject (i.e. when compared to a control level) is indicative
of a positive diagnosis, i.e. the presence of heart disease. On the other hand, a level of the biomarker of 10% or more,
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15% or more, or 20% or more, below the level found in an appropriate control sample or subject (i.e. when compared
to a control level) is indicative of a negative diagnosis, i.e. the absence of heart disease.
[0044] Alternatively, appropriate cutoff values can be used to make the diagnosis. In such methods, if the level of the
biomarker is above an appropriate cutoff level (the "rule in" cutoff level) then a positive diagnosis (i.e. a heart disease
diagnosis) is made. If the level of the biomarker is below the "rule out" cutoff level then a negative diagnosis is made,
i.e. the subjects are considered not to have heart disease. Levels of a biomarker in between the "rule in" and "rule out"
cutoff levels represent a grey area, i.e. biomarker levels where diagnosis is uncertain and further testing is required.
[0045] Appropriate methods of determining cutoff values for diagnosing an individual with a condition or exclude/
diminish the likelihood of a condition are well known and documented in the art and any of these may be used (Antman
EM., 2002, NEJM, 346 (26): 2079-2082, Maisel AS et al., 2002, NEJM; 347 (3): 161-168). The cutoff values may differ
depending on the condition in question and the assay method used to measure CgB or SgII and thus, preferably,
appropriate cutoff levels should be determined for the particular condition and the method of assay which is to be used.
This can readily be done by a person skilled in the art.
[0046] In the diagnostic methods of the present invention, exemplary "rule in" cutoff levels for diagnosing heart disease,
in particular heart failure, are ≥ 1.60 nmol/L for CgB (or fragments thereof) and ≥ 0.145 nmol/L for SgII (or fragments
thereof), and exemplary "rule out" cutoff levels are < 1.45 nmol/L for CgB (or fragments thereof) and < 0.135 for SgII (or
fragments thereof). CgB levels ≥ 1.45- < 1.60 nmol/L and SgII levels ≥ 0.135- ≥ 0.145 nmol/L thus may represent a "grey
area", i.e. biomarker levels where diagnosis is uncertain and further testing is required. This approach is similar to the
approach currently in clinical use with the natriuretic peptides for diagnosing heart failure (Isaac DL., 2008, Curr Opin
Cardiol; 23: 127-133). However, as mentioned above, as cutoff levels may differ with the condition evaluated and the
method used for measuring CgB and SgII in a sample, the levels provided herein are particularly relevant to methods
in which the levels of CgB and SgII are determined by an assay (e.g. a radioimmunoassay assay) which measures the
epitopes CgB439-451 or SgII154-165, e.g. as described elsewhere herein, and the diagnosis of heart failure. These
levels are also of particular relevance to levels of these markers found in specific body fluids, e.g. saliva, or as in this
case, circulatory samples, e.g. blood. In addition, these levels are of particular relevance in samples taken from human
subjects.
[0047] Thus, in preferred embodiments of the invention, a level of CgB (or fragments thereof) of at least 1.60 nmol/L
or a level of SgII (or fragments thereof) of at least 0.145 nmol/L if measured by a radioimmunoassay which measures
the epitopes CgB439-451 or SgII154-165 (or an equivalent value for CgB or SgII if measured by an alternative assay,
e.g. reflecting an increase in level of the biomarker of e.g. ≥ 10% compared to the level found in an appropriate control
sample or subject) measured in blood is indicative of a positive diagnosis, i.e. the presence of heart disease. Such levels
are particularly appropriate for circulatory samples.
[0048] Similary, in saliva, CgB levels of at least 0.40 nmol/L and SgII levels of at least 0.040 nmol/L seem to reflect
heart disease, e.g. as found in patients with ischemic heart disease and CPVT patients. On the other hand, in saliva, a
level of CgB (or fragments thereof) of less than 0.40 nmol/L or a level of SgII (or fragments thereof) of less than 0.040
nmol/L is indicative of a negative diagnosis, i.e. the absence of heart disease.
[0049] Thus, in additional preferred embodiments of the invention, a level of CgB (or fragments thereof) measured in
blood of less than 1.45 nmol/L or a level of SgII (or fragments thereof) of less than 0.135 nmol/L if measured by a
radioimmunoassay which measures the epitopes CgB439-451 or SgII154-165 (or an equivalent value for CgB or SgII
if measured by an alternative assay, e.g. reflecting a level of the biomarker of e.g. 10% or more below what is found in
an appropriate control sample or subject) is indicative of a negative diagnosis, i.e. the absence of heart disease.
[0050] Similarly, in saliva, a level of CgB (or fragments thereof) of less than 0.40 nmol/L or a level of SgII (or fragments
thereof) of less than 0.040 nmol/L if measured by a radioimmunoassay which measures the epitopes CgB439-451 or
SgII154-165 (or an equivalent value for CgB or SgII if measured by an alternative assay, e.g. reflecting a level of the
biomarker of e.g. 10% or more below what is found in an appropriate control sample or subject) is indicative of a negative
diagnosis, i.e. the absence of heart disease.
[0051] In the results described herein it has been shown that circulating levels of both CgB and SgII were significantly
increased in subjects with heart disease compared to control subjects (p= 0.007 and p< 0.001, respectively). Both CgB
and SgII levels also proved to be excellent in discriminating between diseased and healthy individuals (ROC-AUC: CgB=
0.70, p= 0.001 and SgII= 0.84, p= 0.0001).
[0052] The New York Heart Association (NYHA) classification system divides heart disease into four classes, depending
on the severity of disease. NYHA class I: Patient with cardiac disease but without resulting limitations of physical activity;
Class II: Patient with cardiac disease resulting in slight limitation of physical activity. Class III: Patient with cardiac disease
resulting in marked limitation of physical performance. They are comfortable at rest. Class IV: Patient with cardiac disease
resulting in inability to carry on any physical activity without discomfort. Symptoms may be present at rest.
[0053] The methods described herein are suitable for the diagnosis of all classes of heart failure. In preferred embod-
iments of the invention the methods are used to diagnose patients in NYHA classes III and IV as a higher proportion of
these patients will have levels above the "rule in" cutoff limits for any particular assay used to measure CgB or SgII. The
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methods described herein are considered of equal merit in all NYHA classes for prognostic accuracy and for monitoring
patients.
[0054] It has been shown herein that not only can an increased level of CgB or SgII be used to diagnose the presence
of heart disease, but the level of CgB or SgII shows a significant association with the severity of heart disease.
[0055] Thus, also disclosed herein is a method of determining the clinical severity of heart disease in a subject, said
method comprising determining the level of CgB or SgII, or fragments thereof, in a body fluid of said subject. Said method
or a method of determining the clinical severity of heart disease in a subject in accordance with the present invention
may optionally comprise comparing the level found in said subject to a control level.
[0056] The level of CgB or SgII, or fragments thereof, in a subject is indicative of the severity of heart disease, with
the level of CgB or SgII increasing with increased severity of heart disease. Thus, an increase in level is indicative of
the severity of heart disease and the more increased the level of CgB or SgII, the greater the likelihood of a more severe
form of the disease, e.g. a disease of NYHA class III or IV, or equivalent.
[0057] Serial (periodical) measuring of CgB or SgII, or fragments thereof, may also be used to monitor the severity of
heart disease looking for either increasing or decreasing levels over time. As high levels are shown to be associated
with poorer functional status, the use of serial measurement of CgB or SgII, or fragments thereof, may also be used to
guide and monitor therapy, both in the setting of subclinical disease, i.e. in the situation of "watchful waiting" before
treatment or surgery, e.g. before valvular cardiac surgery or initiation of pharmaceutical therapy, or during or after
treatment to evaluate the effect of treatment and look for signs of therapy failure.
[0058] For prognostic use and for monitoring of individuals with heart disease, there is assumed to be a linear association
between severity of heart disease/risk and CgB and SgII levels, with low risk patients or patients with less severe heart
disease having levels close to the "rule out" cutoff limits, but with any increasing level associated with increasing severity
of heart disease or worsening of prognosis. This is also comparable to the approach currently used with the natriuretic
peptides for risk estimation (Mills RM., 2008, JACC;51(24): 2336-2338). Thus, any increase in level of CgB or SgII is
likely to represent more severe heart disease or a worsening prognosis. In addition, in general, the larger the increase
the greater the severity of heart disease or the poorer the prognosis. For example, CgB (or fragment) levels ≥ 1.80
nmol/L or SgII (or fragment) levels ≥ 0.180 nmol/L are considered to be associated with especially severe heart disease
or an especially poor prognosis. Likewise, an increase in the level of the biomarker of ≥ 20%, ≥ 25%, ≥ 30% or ≥ 35%
compared to the level found in an appropriate control sample or subject (i.e. when compared to a control level) is indicative
of especially severe heart disease or an especially poor prognosis. Additionally, any increase ≥ 20% (e.g. ≥ 20%, ≥ 25%,
≥ 30% or ≥ 35%) from an individual’s baseline biomarker value during serial biomarker testing is considered as clearly
increasing severity of heart disease or worsening of prognosis, even when the biomarker levels are below "rule in" cutoff
levels.
[0059] Thus, in preferred embodiments of the invention, a level of CgB (or fragment) of at least 1.80 nmol/L or a level
of SgII (or fragment) of at least 0.180 nmol/L if measured by a radioimmunoassay which measures the epitopes
CgB439-451 or SgII154-165 (or an equivalent value for CgB or SgII if measured by an alternative assay, e.g. reflecting
an increase in level of the biomarker of e.g. ≥ 20% compared to the level found in an appropriate control sample or
subject) is indicative of especially severe heart disease or an especially poor prognosis. Such levels are particularly
appropriate for circulatory samples.
[0060] Although the methods of the present invention may be used to determine the clinical severity of heart disease
as evaluated by any appropriate clinical measure, a typical and preferred measure of clinical severity is evaluated by
the assessment of NYHA class.
[0061] In the results described herein it has been shown that circulating levels of CgB and SgII were regulated according
to severity of heart disease in humans (Test for trend: CgB: p= 0.001, SgII: p< 0.001; individuals classified as controls,
NYHA class II, NYHA class III and NYHA class IV). Thus, it can be seen that a close association is found between
circulating CgB and SgII levels and severity of heart disease. Data from the experimental models also supports the
regulation of CgB and SgII according to severity of heart disease as we find close correlations between animal lung
weights (reflecting pulmonary congestion secondary to myocardial pump failure) and amount of CgB and SgII in the
myocardium both at the mRNA and protein level. The regulation of CgB and SgII production in the myocardium in
proportion to the severity of heart failure is also reflected in the close correlation found between CgB and SgII levels
and the compensatory hypertrophic response in the left ventricle. Here the severity of heart failure is evaluated by
measuring the left ventricular mass.
[0062] In addition, it has been shown that CgB expression shows a stronger association with animal lung weight
(severity of disease) than the association between BNP expression and lung weight. Furthermore, in multivariate analysis,
CgB gene expression was independently associated with animal lung weights (i.e. severity of disease)(p= 0.003), while
the association between BNP gene expression and animal lung weights was attenuated and only of borderline significance
(p= 0.08). The relative increase in SgII gene expression after onset of heart disease was also substantially greater than
the change in BNP gene expression. These results, together with the higher ROC-AUCs for circulating levels of CgB
and SgII compared to CgA in human disease, clearly support the fact that methods involving determining the levels of
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CgB and SgII show advantages and improvements over methods involving contemporary used cardiac biomarkers.
[0063] Also disclosed herein is a method for the prognosis of heart disease in a subject, said method comprising
determining the level of CgB or SgII, or fragments thereof, in a body fluid of said subject.
[0064] Said method or a method for the prognosis of heart disease in a subject in accordance with the present invention
may optionally comprise comparing the level found in said subject to a control level.
[0065] The level is indicative of the prognosis for the subject. An increased level in said subject is indicative of a poor
prognosis for the patient with heart disease. Conversely, a level in the control range or lower, for example below the
"rule out" limits, is indicative of a good prognosis.
[0066] As mentioned above, for prognostic use, there is assumed to be a linear association between risk and CgB
and SgII levels, with low risk patients having levels close to the "rule out" cutoff limits, but with any increasing level
associated with worsening of prognosis. This is also comparable to the approach currently used with the natriuretic
peptides for risk estimation (Mills RM., 2008, JACC;51(24): 2336-2338). Thus, any increase in level of CgB or SgII is
likely to represent a worsening prognosis. In addition, in general, the larger the increase the poorer the prognosis. For
example, CgB (or fragment) levels ≥ 1.80 nmol/L or SgII (or fragment) levels ≥ 0.180 nmol/L are considered to be
associated with an especially poor prognosis. Likewise, an increase in the level of the biomarker of ≥ 20%, ≥ 25%, ≥
30% or ≥ 35% compared to the level found in an appropriate control sample or subject (i.e. when compared to a control
level) is indicative of an especially poor prognosis. Additionally, any increase ≥ 20 % (e.g. ≥ 20%, ≥ 25%, ≥ 30% or ≥
35%) from an individual’s baseline biomarker value during serial biomarker testing is considered as clearly worsening
of prognosis, even when the biomarker levels are below "rule in" cutoff levels.
[0067] Thus, in preferred embodiments of the invention, a level of CgB (or fragment) of at least 1.80 nmol/L or a level
of SgII (or fragment) of at least 0.180 nmol/L if measured by a radioimmunoassay which measures the epitopes
CgB439-451 or SgII154-165 (or an equivalent value for CgB or SgII if measured by an alternative assay, e.g. reflecting
an increase in level of the biomarker of e.g. ≥ 20% compared to the level found in an appropriate control sample or
subject) is indicative of an especially poor prognosis. Such levels are particularly appropriate for circulatory samples.
[0068] Serial (periodic) measuring of CgB or SgII, or fragments thereof, may also be used for prognostic purposes
looking for either increasing or decreasing levels over time.
[0069] The term "prognosis" as used herein refers to and includes a risk prediction of the severity of disease or of the
probable course and clinical outcome associated with a disease. Associated with this is also the ability to classify or
discriminate patients according to the probability of whether various treatment options may be of gain or detrimental to
an individual, i.e. the use of CgB or SgII, or fragments thereof, to guide treatment. In the case of heart disease, which
is the subject of the present invention, said prediction of course and clinical outcome includes a prediction of any clinically
relevant course or outcome, for example predicting morbidity or mortality rate, likelihood of recovery, likelihood of hospital
admission, likelihood of a subsequent cardiovascular event, predicting a reduction in total cardiovascular events, pre-
dicting a time delay to the first cardiovascular event, likelihood of developing life threatening complications, or in general
predicting the speed of heart disease development. Preferably the prognostic methods of the present invention are used
to predict morbidity or mortality. Thus, the risk of morbidity and mortality is increased in patients with increased levels
of CgB or SgII.
[0070] For risk stratification of an individual, either previously healthy or diseased (and indeed for all the aspects of
the invention described herein) SgII, or fragments thereof, may be used individually with the SgII biomarker representing
an unique biomarker and thus evaluated alone, or the biomarkers CgB and SgII may be used in combination, or finally,
the SgII biomarker may be used either individually, or together with CgB, as part of a broader panel of different cardio-
vascular biomarkers (multimarker approach).
[0071] The measurement of CgB or SgII, or fragments thereof, may also be used for diagnosing or identifying the
underlying pathophysiological process activated in an individual, either in the setting of subclinical disease, i.e. impaired
cardiac function but no overt clinical symptoms and thus non-recognized cardiac disease, or in individuals with established
heart disease. This aspect maybe beneficial in determining therapy, follow-up schemes and establishing prognosis.
[0072] Following from the above discussion the diagnostic and prognostic methods of the invention can also be used
to identify subjects requiring more intensive monitoring or subjects which might benefit from early therapeutic intervention
for heart disease, e.g. by surgery, pharmaceutical therapy, or non-pharmaceutical therapy.
[0073] Also disclosed herein is a method to identify subjects requiring more intensive monitoring or subjects which
might benefit from early therapeutic intervention, said method comprising determining the level of CgB or SgII, or frag-
ments thereof, in a body fluid of said subject.
[0074] The methods of the invention can also be used to monitor the progress of heart disease in a subject. Such
monitoring can take place before, during or after treatment of heart disease by surgery or therapy.
[0075] Subsequent to such surgery or therapy, the methods of the present invention can be used to monitor the
progress of heart disease, to assess the effectiveness of therapy or to monitor the progress of therapy, i.e. can be used
for active monitoring of therapy. In such cases serial (periodic) measurement of levels of CgB or SgII, or fragments
thereof, for a change in said biomarker levels will allow the assessment of whether or not, or the extent to which, heart
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disease surgery or therapy has been effective, whether or not heart disease is re-occurring or worsening in the subject
and also the likely clinical outcome (prognosis) of the heart disease should it re-occur or worsen.
[0076] Equally, the methods of the present invention can be used in the active monitoring of patients which have not
been subjected to surgery or therapy, e.g. to monitor the progress of the disease in untreated patients. Again serial
measurements will allow an assessment of whether or not, or the extent to which, the heart disease is worsening, thus,
for example, allowing a more reasoned decision to be made as to whether therapeutic intervention is necessary or
advisable.
[0077] Such monitoring can even be carried out on a healthy individual, for example an individual who is thought to
be at risk of developing heart disease, in order to obtain an early and ideally pre-clinical indication of heart disease.
[0078] Generally, in such embodiments, an increase in the level of CgB or SgII, or fragments thereof, is indicative of
progression of heart disease or early signs of development of heart disease. Conversely, a decrease in level is indicative
of improvement or reduced progression.
[0079] Also disclosed herein is a method of monitoring a subject with heart disease or a healthy individual, said method
comprising determining the level of CgB or SgII, or fragments thereof, in a body fluid of said subject.
[0080] Thus, the observed association of increased levels of CgB or SgII with the presence and the severity of heart
failure will also allow active monitoring of patients and their treatment to take place and the tracking of clinical outcomes.
Thus, the methods of the invention can be used to guide heart disease management and preferably optimize therapy.
[0081] As mentioned above, the identification of quality biomarkers for heart disease would allow a multimarker ap-
proach for diagnosis (and also for prognosis). Thus, the methods of the present invention which comprise determining
the levels of SgII, or fragments thereof, or methods also disclosed herein which comprise determining the levels of CgB,
or fragments thereof, might not only be used in place of the measurement of other biomarkers (i.e. be used as single
markers), but might also be used in combination, or in addition to the measurement of one or more other biomarkers
known to be associated with heart disease (i.e. in a multimarker assay).
[0082] Thus, preferred methods of the invention further comprise determining the level, preferably the level in a body
fluid, of one or more other biomarkers associated with heart disease.
[0083] Suitable "other biomarkers" might be any of those already documented in the art (Braunwald E., 2008, NEJM;
2148-2159) and include the cardiac specific troponins such as TnI and TnT, natriuretic peptides such as ANP, BNP and
NT-proBNP and other biomarkers secreted secondary to cardiomyocyte strain/stress such as ST2 and pro-adrenom-
edullin, markers of inflammation such as C-reactive protein (CRP) and various cytokines/ chemokines, extracellular
remodelling markers such as the MMPs and TIMPs, other necrosis/apoptosis markers beside the troponins such as
heart-type fatty acid protein, markers of neuroendocrine activity such as the catecholamines, aldosterone, angiotensin
II and the granin CgA, markers of oxidative stress such as myeloperoxidase and other markers associated with and
reflecting activated pathophysiological axes in heart disease.
[0084] Preferred multimarker assays involve at least the determination of CgB and SgII, CgB and natriuretic peptides
(e.g. BNP), SgII and natriuretic peptides (e.g. BNP), or CgB and SgII and natriuretic peptides (e.g. BNP). Optionally one
or more of the cardiac specific troponins or one or more markers of the inflammatory response can also be measured.
CgA is also a preferred additional biomarker to be used in conjunction with CgB and/or SgII. However, it is sometimes
preferred that the methods of the invention do not involve determining the levels of CgA. Equally it is envisaged that the
methods of the invention might be used in conjunction with one or more biomarkers which might be identified in the future.
[0085] A further embodiment of the invention provides the use of the diagnostic or prognostic methods of the invention
either alone or in conjunction with other known diagnostic or prognostic methods for heart disease.
[0086] Also disclosed herein is a kit for the diagnosis or prognosis of heart disease which comprises an agent suitable
for determining the level of CgB or SgII, or fragments thereof, in a sample. Preferred agents are antibodies directed to
CgB or SgII, or fragments thereof. Other preferred agents are labelled CgB and SgII molecules, or fragments thereof.
In preferred aspects said kits are for use in the methods of the invention as described herein.
[0087] The terms "heart disease or disorder" as used herein refers to heart diseases or disorders in which cardiac
function is impaired or altered in a detrimental way. In particular, these terms include sub-clinical or pre-clinical heart
disease, i.e. diseases in which cardiac function is impaired but no overt symptoms of heart disease are shown (sometimes
referred to as non-recognized heart or cardiac disease), as well as clinical or overt heart disease. Thus, these terms
encompass all diseases associated with pathology in the heart either due to direct injury to the heart itself or secondary
to strain on the heart from other sources, e.g. hypertension, and are generally characterised by impaired cardiac function,
e.g. heart failure.
[0088] Typical examples of such diseases are ischemic heart diseases (ischemic cardiomyopathies) such as angina
pectoris and acute coronary syndromes (unstable angina pectoris and acute myocardial infarction), heart failure, cardi-
omyopathies, cardiac valvular disease, arrhythmias (e.g. atrial fibrillation, supraventricular tachycardias, ventricular ar-
rhythmias), congenital heart disease, conditions associated with hypertrophy of cells of the heart (cardiac hypertrophy),
e.g. left ventricular hypertrophy, conditions associated with rejection after cardiac transplantation and myocardial hyper-
trophy secondary to strain on the heart (as seen for example in arterial hypertension). Likewise, reduced cardiac function
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secondary to other diseases, e.g. diabetes mellitus, connective tissue diseases (immunopathies), vasculitis, or secondary
to medical treatment, e.g. chemotherapy or radiotherapy in cancer patients, are also examples of conditions covered
by these claims.
[0089] The main subgroup of heart failure is chronic ischemic heart disease, i.e. chronic ischemic cardiomyopathy.
Another subgroup of heart failure includes chronic non-ischemic cardiomyopathy including idiopathic dilated cardiomy-
opathy, and cardiomyopathy due to hypertension, valvular disease or congenital defects.
[0090] Coronary artery disease (CAD), also referred to as ischemic heart disease (IHD), is a further example of heart
disease and may lead to several clinical consequences: development of stable angina pectoris, acute coronary syndromes
(unstable angina pectoris and acute myocardial infarction) and chronic ischemic heart failure or cardiomyopathy. Thus
CAD may lead to heart failure (i.e. chronic ischemic cardiomyopathy), but is clearly not identical to heart failure. Another
example of a heart disease is transplant coronary artery disease (a chronic condition of the transplanted heart).
[0091] Other examples of heart diseases are acute myocarditis and acute dilated cardiomyopathy.
[0092] The methods of the present invention are effective to diagnose or prognose heart failure regardless of the
cause of the disease. For example, the heart failure may be the result of a primary disease or may be secondary to
another disease. In a preferred embodiment of the invention the heart failure to be diagnosed or prognosed is secondary
to either idiopathic dilated cardiomyopathy (IDCM) and/or coronary ischemic disease (coronary artery disease - CAD).
The results presented herein suggest that the methods of the invention are particularly effective for evaluation of heart
diseases associated with dysregulated calcium function and ischemic etiology.
[0093] Results presented herein support the idea that the granin family in general and particularly the biomarkers SgII
and CgB are markers associated with, and indicative of, disregulated Ca2+ signalling in vivo. Thus, SgII and CgB are
believed to be useful biomarkers for any calcium mediated or associated or related heart disease, e.g. heart diseases
associated with dysregulated or otherwise dysfunctional Ca2+ signalling or function in the heart, e.g. diseases associated
with dysregulated or otherwise dysfunctional cardiomyocyte calcium regulation. Preferred examples of such diseases
are acute myocardial ischemia, myocardial hypertrophy, heart failure development, various types of arrhythmias and
tachycardias (e.g. ventricular tachycardias) and sudden cardiac death caused for example by arrhythmias mediated by
dysfunction in cardiomyocyte calcium homeostasis, and more specifically, due to dysfunctional ryanoidine receptor
function in the ventricular cardiomyocytes. When it comes to arrhythmias, although some forms are harmless, they are
generally extremely difficult to diagnose as symptoms may vary and sudden cardiac death may be the first manifestation.
Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT) is an example of such an arrhythmogenic disease
where sudden cardiac death may occur and is a prototypic example of a calcium mediated heart disease. Novel markers
for diagnosis of such arrhythmias are thus much in demand and results presented herein for patients with CPVT show
that determining levels of either CgB or SgII can be used to diagnose such diseases.
[0094] CPVT is a heritable form of arrhythmogenic disorder characterised by exercise- or emotional- induced poly-
morphic ventricular tachycardia in the absence of detectable structural heart disease. Due to a tendency for development
of ventricular tachycardia and subsequent ventricular fibrillation, CPVT is a highly malignant disorder, also in individuals
of young age. One mechanism for the propensity to develop arrrhythmias is dysfunctional calcium (Ca2+) handling in
cardiomyocytes and a leaky ryanoidine receptor (RyR), either of a consequence of a mutation in the receptor itself, or
due to a mutation of calsequestrin, a Ca2+ binding protein in the sarcoplamatic reticulum (SR). Diagnosis is currently
based on identification of patients by a typical patient history with stress-induced syncope, or a history of sudden death
in the family, and confirmation of the diagnosis by molecular genetic screening of the genes encoding the cardiac
ryanodine receptor and calsequestrin. However, as symptoms may vary and sudden cardiac death may be the first
manifestation, novel markers for identification and diagnosis in CPVT are needed. Ability to monitor patients with CPVT
is also likely to be of value as reports have indicated a high probability of events in patients that are treated according
to current guidelines.
[0095] Thus, calcium mediated or associated heart diseases such as heart diseases associated with dysregulated or
otherwise dysfunctional Ca2+ signalling or function, for example acute myocardial ischemia, myocardial hypertrophy,
heart failure development, various types of arrhythmias and tachycardias (e.g. CPVT or ventricular tachycardias) and
sudden cardiac death are preferred heart diseases for the methods of the present invention.
[0096] Results presented herein also demonstrate particular use of the methods of the present invention in the diagnosis
of ischemic heart disease, for example in patients admitted to hospital with the primary symptom of chest pain, and in
the diagnosis of acute decompensated heart failure, for example in patients admitted to hospital with the primary symptom
of dyspnoea. Improvement in diagnosis of such patients, particularly in clinical setting, e.g. on admission to hospital, is
clearly advantageous.
[0097] Preferred types of heart disease to be diagnosed or prognosed according to the present invention are pre-
clinical heart disease, heart diseases associated with dysregulated or otherwise dysfunctional Ca2+ signalling or function,
for example acute myocardial ischemia, myocardial hypertrophy, heart failure development, various types of arrhythmias
and tachycardias (e.g. CPVT or ventricular tachycardias) and sudden cardiac death, acute coronary syndromes, diseases
which involve hypertrophy of cells of the heart (cardiac hypertrophy) in particular left ventricular hypertrophy, ischemic
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heart disease, cardiomyopathies, valvular heart disease or heart failure (e.g. compensated or decompensated heart
failure).
[0098] Especially preferred examples are heart failure (e.g. compensated or decompensated heart failure), ischemic
heart disease, cardiomyopathies and CPVT.
[0099] As alluded to briefly above, heart failure is a common disorder of the heart and can be defined as any structural
or functional disorder which reduces the ability of the heart to fill with or to pump a sufficient amount of blood through
the body. Thus, heart failure includes syndromes in which the heart is unable to pump sufficient blood to meet the
requirements of the peripheral organs, e.g. in terms of oxygen and cell nutrients, at rest and/or during effort, alternatively
only at abnormally elevated diastolic pressures or volumes. This term also includes both the decompensated forms of
heart failure with pulmonary congestion (e.g. acute decompensated heart failure, ADHF) and the compensated forms
of heart failure. Indeed, the data presented herein shows that levels of CgB and SgII increase in patients with either
decompensated or compensated forms of heart failure, indicating that the present invention is useful in patients with
either of these forms of heart failure.
[0100] There are a number of different causes of heart failure of which the most common in the Western world is
coronary artery disease. Other common causes are cardiomyopathy (primary or secondary), hypertension, valvular
diseases, and congenital defects.
[0101] Often the cause is decreased contractility of the left ventricle (systolic heart failure) resulting from diminished
coronary blood flow (e.g. heart failure caused by coronary ischemic disease), but failure to pump adequate quantities
of blood can also be caused by damage to heart valves, external pressure around the heart, primary cardiac muscle
diseases (e.g. idiopathic dilated cardiomyopathy) or any other abnormality which makes the heart a hypoeffective pump.
[0102] Reduced cardiac diastolic filling may also lead to inability to pump sufficient blood to meet the requirements of
the peripheral organs in terms of oxygen and cell nutrients at rest and/ or during effort, alternatively only at abnormally
elevated diastolic pressures or volumes, although systolic cardiac function is preserved. This is called diastolic heart
failure or heart failure with preserved left ventricular ejection fraction/ function and is also recognized as an important
part of the heart failure syndrome. The use of SgII, or fragments thereof, in the diagnosis or prognosis of diastolic heart
failure is a further embodiment of the invention. The use of CgB, or fragments thereof, in the diagnosis or prognosis of
diastolic heart failure is also disclosed herein.
[0103] Heart failure may be manifest in either of two ways: (1) by a decrease in cardiac output (forward failure) or (2)
by a damming of blood in the veins behind the left or right heart (backward failure). The heart can fail as a whole unit or
either the left side or the right side can fail independently of the other. Either way this type of heart failure leads to
circulatory congestion and, as a result it is also referred to as congestive heart failure (CHF or HF). Thus, the term
congestive heart failure (CHF) is also used herein to denote heart failure. Heart failure can further be divided into two
phases, acute (short term and unstable) heart failure and chronic (long term and relatively stable) heart failure. We have
found CgB and SgII levels increased in both acute and chronic heart failure compared to control subjects, indicating that
the current invention will have equal importance in patients with both acute and chronic heart failure.
[0104] As symptoms and clinical findings may vary greatly between patients, diagnosing heart disease in general, and
heart failure especially, may be difficult. Indeed, heart disease, and in particular heart failure, can often remain undiag-
nosed, particularly when the symptoms are mild. The best methods of diagnosis currently used are time consuming,
expensive, require specialist equipment, and are not generally easy to do at the patient’s bedside. For example, echocar-
diography or chest X-rays are commonly used to support a clinical diagnosis of heart failure, or an electrocardiogram
(ECG) is used to identify arrhythmias, ischemic heart disease, right and left ventricular hypertrophy, and presence of
conduction delay or abnormalities (e.g. left bundle branch block). Methods such as X-rays have the additional disad-
vantage that they may also be harmful to the patient due to radiation.
[0105] Thus, methods such as that of the present invention, which allow for diagnosis via a simple test for a biomarker
which can be quickly and easily carried out on a readily obtainable sample such as for example a blood sample or other
easily available biological or body fluid (e.g. a. urine or a saliva test), are much in demand.
[0106] Thus, in the present invention it can be seen that it has been recognised that increased, elevated, or generally
high levels of CgB or SgII, or fragments thereof, are markers of the presence of, or future outcome (prognosis) of, heart
disease, and in particular heart failure, ischemic heart disease and calcium mediated heart diseases such as heart
diseases associated with disregulated or otherwise disfunctional Ca2+ signalling or function. CgB, SgII or fragments
thereof are also biomarkers that may help monitor treatment and diagnose/ identify activated pathophysiological axis/
axes in heart disease patients.
[0107] Reference herein to "CgB" or "SgII" includes reference to all forms of CgB or SgII (as appropriate) which might
be present in a subject, including derivatives, mutants and analogs thereof, in particular fragments thereof or modified
forms of CgB, SgII or their fragments. Exemplary and preferred modified forms include forms of these molecules which
have been subjected to post translational modifications such as glycosylation or phosphorylation.
[0108] As discussed above, CgB and SgII are pro-peptides with multiple recognition sites for endopeptidases. Thus,
in the methods of the invention described herein, fragments of SgII, in particular naturally occurring fragments, can be
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analysed as an alternative to SgII itself (full length SgII). In the methods of the invention these fragments are secretoneurin
(SN), or fragments containing the secretogranin II epitope corresponding to amino acid residues 154-165 or 172-186 of
secretogranin II. In methods also disclosed herein any fragments of CgB or SgII, in particular naturally occurring fragments,
can be analysed as an alternative to CgB or SgII itself (full length CgB or SgII). Examples of such fragments are described
in the art, such as chrombacin and secretolytin for CgB and secretoneurin (SN) for SgII, which is a small 33 amino acid
peptide (Taupenot L et al. New Engl J Med 2003;348:1134-1149), although it is quite possible that other fragments will
be identified in the future.
[0109] For SgII, preferred fragments are those containing the SgII epitope corresponding to amino acid residues
154-165 of SgII or 172-186 of SgII, for example SN. For CgB, preferred fragments are those containing the CgB epitope
corresponding to residues 439-451 of CgB or the C-terminal end of CgB (and in particular containing the core epitope
NLAAMDLELQKIA). The epitopes SgII 154-165, SgII 172-186, CgB 439-451 or the C-terminal end of CgB (in particular
the core epitope NLAAMDLELQKIA), have all been identified herein as important in heart disease diagnosis.
[0110] Amino acid sequences of CgB and SgII without their signal sequences are outlined below and the amino acid
residues of the fragments of CgB and SgII as described herein can be determined with reference to these sequences.

CgB

SgII

[0111] Reference herein to "body fluid" includes reference to all fluids derived from the body of a subject. Exemplary
fluids include blood (including all blood derived components, for example plasma, serum, etc) urine, saliva, tears, bronchial
secretions or mucus. Preferably, the body fluid is a circulatory fluid (especially blood or a blood component), urine or
saliva. An especially preferred body fluid is blood or a blood component, in particular plasma or serum, especially plasma.
Another especially preferred body fluid is saliva.
[0112] The "increase" in the levels or "increased" level of CgB or SgII as described herein includes any measurable
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increase or elevation of the marker in question when the marker in question is compared with a control level. Said control
level may correspond to the level of the equivalent marker in appropriate control subjects or samples, e.g. may correspond
to a cutoff level or range found in a control or reference population. Alternatively, said control level may correspond to
the level of the marker in question in the same individual subject, or a sample from said subject, measured at an earlier
time point (e.g. comparison with a "baseline" level in that subject). This type of control level (i.e. a control level from an
individual subject) is particularly useful for embodiments of the invention where serial or periodic measurements of CgB
or SgII in individuals, either healthy or ill, are taken looking for changes in the levels of CgB or SgII. In this regard, an
appropriate control level will be the individual’s own baseline, stable, nil, previous or dry value (as appropriate) as opposed
to a control or cutoff level found in the general population. Control levels may also be referred to as "normal" levels or
"reference" levels. The control level may be a discrete figure or a range. In addition, as mentioned above, such comparison
with a control level, would not generally involve carrying out active tests on control subjects as part of the methods of
the present invention but would generally involve a comparison with a control level which had been determined previously
from control subjects and was known to the person carrying out the methods of the invention.
[0113] As will be clear from the discussions herein, the methods of the present invention can involve single or one off
measurements or determinations of the level of CgB or SgII in a subject, or may involve multiple measurements or
determinations over a period of time, e.g. for the ongoing monitoring of heart disease. The determinations of level are
generally carried out when the patient is at rest. However, alternatively, particularly if the heart disease concerned is
exacerbated or enhanced by exercise or other stresses, e.g. in patients with suspected CPVT or ischemic heart disease,
then the determinations in level can be carried out under appropriate conditions of controlled exercise or stress.
[0114] Preferably the increase in level will be significant, more preferably clinically or statistically significant, most
preferably clinically and statistically significant.
[0115] Methods of determining the statistical significance of differences in levels of a particular biomarker are well
known and documented in the art. For example herein an increase in level of a particular biomarker is generally regarded
as significant if a statistical comparison using a significance test such as a Student t-test, Mann-Whitney U Rank-Sum
test, chi-square test or Fisher’s exact test, as appropriate, shows a probability value of <0.05. More detail on appropriate
methods of statistical analysis is provided in the Examples.
[0116] However, ideally any test also needs to be of clinical value. To test the discriminatory ability of the biomarker
to distinguish between healthy and diseased subjects the test of choice is considered to be the area under the receiver-
operating characteristic curve (ROC-AUC). With ROC-AUC you get a measurement of sensitivity and specificity for a
biomarker across the entire spectrum of cutoff values, and tests with high ROC-AUCs (e.g. a ROC-AUC of 0.7 or above,
such as those described herein) are considered possibly clinically important. ROC-AUC can be used both for evaluating
diagnostic and prognostic merit of a test. In addition, both logistic regression analysis or Cox proportional hazards
regression analysis may be used for evaluating prognostic merit.
[0117] Put in simple terms, for a diagnostic assay, a ROC-AUC value of 0.7 for CgB indicates that when comparing
a heart disease patient in an optimal, stable condition to a control patient, there is a probability of 70% that the CgB level
will be higher in the heart disease patient versus the control. For SgII, the ROC-AUC value has been shown to be 0.84
meaning that the corresponding probability is 84%. Thus, both these markers show good sensitivity and specificity for
diagnosis of heart disease.
[0118] The "decrease" in the levels or "decreasing" level, or "lower" level or "lowering" of the level of CgB or SgII as
described herein includes any measurable decrease or reduction of the marker in question when the marker in question
is compared with a control level. Said control level may correspond to the level of the equivalent marker in appropriate
control subjects or samples. Alternatively and preferably, said control level may correspond to the level of the marker
in question in the same individual subject, or a sample from said subject, measured at an earlier time point (e.g. comparison
with a "baseline" level in that subject). This type of control level (i.e. a control level from an individual subject) is particularly
useful for embodiments of the invention where serial or periodic measurements of CgB or SgII in individuals, either
healthy or ill, are taken looking for changes in the levels of CgB or SgII. In this regard, an appropriate control level will
be the individual’s own baseline, stable, nil, previous or dry value (as appropriate) as opposed to a control level found
in the general population. The control level may be a discrete figure or a range. In addition, as mentioned above, such
comparison with a control level, would not generally involve carrying out active tests on control subjects as part of the
methods of the present invention but would generally involve a comparison with a control level which had been determined
previously from control subjects and was known to the person carrying out the methods of the invention.
[0119] Preferably the decrease in level will be significant, more preferably clinically or statistically significant, most
preferably clinically and statistically significant.
[0120] Methods of determining the statistical significance of differences in levels of a particular biomarker are well
known and documented in the art. For example herein a decrease in level of a particular biomarker is generally regarded
as significant if a statistical comparison using a significance test such as a Student t-test, Mann-Whitney U Rank-Sum
test, chi-square test or Fisher’s exact test, as appropriate, shows a probability value of <0.05. More detail on appropriate
methods of statistical analysis is provided in the Examples.
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[0121] Appropriate control subjects or samples for use in the methods of the invention would be readily identified by
a person skilled in the art. Such subjects might also be referred to as "normal" subjects or as a reference population.
Examples of appropriate control subjects would include healthy subjects, for example, individuals who have no history
of any form of heart disease (or no history of the particular heart disease being tested for) and no other concurrent
disease, or subjects who are not suffering from, and preferably have no history of suffering from, any form of heart
disease, in particular individuals who are not suffering from, and preferably have no history of suffering from, the heart
disease being tested for. Preferably control subjects are not regular users of any medication. Preferred control subjects
have a normal ECG as evaluated by a cardiologist.
[0122] It should also be noted that although the measurement of circulatory levels of these biomarkers is preferred
for reasons of accuracy, ease and speed of assay, and physiological relevance, it is also possible to diagnose and
prognose heart disease by determining levels of these biomarkers in other samples, such as heart tissue, e.g. the
myocardium, or in other body fluids such as those described elsewhere herein, e.g. saliva. Also disclosed herein are
methods of diagnosis of heart disease, determining severity of heart disease or prognosis of heart disease in a subject,
as described herein, said methods comprising determining the level of CgB or SgII, or fragments thereof, in said subject.
[0123] The level of circulatory CgB or SgII in a subject can be determined by analysis of any appropriate circulatory
sample from the subject, for example blood (e.g. serum or plasma) or potentially other easily accessible body fluids (e.g.
urine, saliva). Levels are generally lower in saliva and urine than the corresponding circulating levels but these levels
can still be determined. A preferred sample to be analysed is plasma or saliva.
[0124] Levels of CgB or SgII, or fragments thereof, in a sample, e.g. in a sample of body fluid, e.g. in a blood, serum,
plasma, urine or saliva sample, or in tissue samples, can be measured by any appropriate assay, a number of which
are well known and documented in the art and some of which are commercially available. The level of CgB or SgII, or
fragments thereof, in a sample, e.g. a circulatory sample, other body fluid sample or tissue sample can be measured at
the gene level by measuring the levels of nucleic acids (e.g. DNA or RNA) encoding CgB or SgII, for example by RT-
PCR or qRT-PCR, at the protein level, e.g. by immunoassay such as a radioimmunoassay (RIA) or fluorescence immu-
noassay, immunoprecipitation and immunoblotting or Enzyme-Linked ImmunoSorbent Assay (ELISA), with RIA and/or
ELISA normally being the method of choice.
[0125] Preferred assays are those which can be carried out at the point of treatment or at the bedside of the patient.
Preferred assays are ELISA-based assays, although RIA-based assays, such as those described in Stridsberg et al.,
2005 (Reg Peptides; 125: 193-199) and 2008 (Reg Peptides; 148: 95-98), can also be used very effectively. Both ELISA-
and RIA-based methods can be carried out by methods which are standard in the art and would be well known to a
skilled person. Such methods generally involve the use of an antibody to CgB, SgII, or fragments thereof, which is
incubated with the sample to allow detection of CgB or SgII (or fragments thereof) in the sample. Any appropriate
antibodies can be used and examples of these are described elsewhere herein and in the prior art. For example,
appropriate antibodies to CgB or SgII, or antibodies which recognise particular epitopes of CgB or SgII, can be prepared
by standard techniques, e.g. by immunization of experimental animals as described in Stridsberg et al., 2005, supra,
and Stridsberg et al., 2008, supra). The same antibodies to CgB, SgII or fragments thereof can generally be used to
detect CgB or SgII in either a RIA-based assay or an ELISA-based assay, with the appropriate modifications made to
the antibodies in terms of labelling etc., e.g. in an ELISA assay the antibodies would generally be linked to an enzyme
to enable detection. Any appropriate form of assay can be used, for example the assay may be a sandwich type assay
or a competitive assay.
[0126] In simple terms, in ELISA an unknown amount of antigen is affixed to a surface, and then a specific antibody
is washed over the surface so that it can bind to the antigen. This antibody is linked to an enzyme, and in the final step
a substance is added that the enzyme can convert to some detectable signal. Thus in the case of fluorescence ELISA,
when light of the appropriate wavelength is shone upon the sample, any antigen/antibody complexes will fluoresce so
that the amount of antigen in the sample can be determined through the magnitude of the fluorescence. For RIA, a
known quantity of an antigen is made radioactive, frequently by labeling it with gamma-radioactive isotopes of iodine
attached to tyrosine. This radiolabeled antigen is then mixed with a known amount of antibody for that antigen, and as
a result, the two chemically bind to one another. Then, a sample from a patient containing an unknown quantity of that
same antigen is added. This causes the unlabeled (or "cold") antigen from the sample to compete with the radiolabeled
antigen for antibody binding sites. As the concentration of "cold" antigen is increased, more of it binds to the antibody,
displacing the radiolabeled variant, and reducing the ratio of antibody-bound radiolabeled antigen to free radiolabeled
antigen. The bound antigens are then separated from the unbound ones, and the radioactivity of the free antigen remaining
in the supernatant is measured. A binding curve can then be plotted, and the exact amount of antigen in the patient’s
serum can be determined. Measurements are usually also carried out on standard samples with known concentrations
of marker (antigen) for comparison.
[0127] A preferred assay for CgB or SgII currently being employed is a radioimmunoassay using antibodies to measure
the epitope SgII 154-165 or CgB 439-451 (e.g. as described in Stridsberg M et al., 2008, supra, and Stridsberg M et al.,
2005, supra). This RIA method measures all fragments (short or long) that have the aforementioned epitopes. Such
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assays thus measure CgB or SgII and any fragments which include the relevant epitopes. The results presented herein
thus also identify the fragments SgII 154-165 and CgB 439-451 to be important fragments/ epitopes in heart disease.
However, this in no way excludes a role for other CgB or SgII fragments in heart disease. On the contrary, our data in
the experimental heart failure model shows increased CgB and SgII myocardial gene expression (measured by com-
mercially available pre-made TaqMan gene expression assays from Applied Biosystems, for further details see the
Examples section), and increased myocardial CgB and SgII protein levels, measured with different methods and epitopes
(e.g. the epitopes SgII172-186 or epitopes at the C-terminal end of CgB, (in particular the core epitope NLAAMDLELQ-
KIA)), supporting the hypothesis that both full-length CgB and SgII together with many and possibly all CgB and SgII
fragments may be important in heart disease.
[0128] For assays involving the use of CgB or SgII antibodies, appropriate antibodies are commercially available for
immunoblotting and immunohistochemistry (e.g. sc-14889 from Santa Crux Biotechnology, Santa Cruz, CA, USA or
secretoneurin antibody from Phoenix Pharmaceuticals, Burlingame, CA, U.S.A). The use of immunoblotting is however
less preferred for measuring levels of CgB and SgII as it is much less practical in patient management due to it being
semi-quantitative, too time consuming (approximately 36 hours) and requiring expertise technical knowledge of the
method. Immunohistochemistry is a method only for use on solid tissue, and thus this method is not appropriate for
embodiments where levels in body fluids are measured.
[0129] If plasma (or some other blood component) is the sample to be analysed, then prior to the assay, plasma (or
the other blood component) can be separated from a blood sample by methods well known and documented in the art.
[0130] As also described above, if tissue samples rather than body fluid samples are to be analysed, then again the
levels of CgB or SgII can readily be analysed at the gene level or protein level for example by preparing appropriate
samples from appropriate heart tissue, e.g. myocardium, by methods well known and described in the art. In addition,
for example, immunohistochemistry with appropriate antibodies as set out above could be carried out on tissue sections.
[0131] Although the diagnostic methods of the invention are generally carried out in vitro, in other embodiments of the
invention in vivo uses might be used. Thus, in one aspect the present invention provides an entity which has the ability
to bind to secretogranin II or fragments thereof, for use in the in vivo diagnosis of heart disease in a subject which has
heart disease or which potentially has heart disease, comprising the administration of an appropriate amount of an entity
which has the ability to bind to secretogranin II or fragments thereof, to the subject and detecting by imaging the presence
and/or amount and/or the location of said entity in the subject, wherein said secretogranin II fragments are secretoneurin
(SN), or fragments containing the secretogranin II epitope corresponding to amino acid residues 154-165 or 172-186 of
secretogranin II. Also disclosed herein are methods of imaging of a subject comprising the administration of an appropriate
amount of a binding entity (e.g. an antibody or other binding protein) which can target CgB or SgII, or fragments thereof,
to the subject and detecting the presence and/or amount and/or the location of the binding entity in the subject. Such
methods can thus be used in the imaging of subjects which have heart disease or which potentially have heart disease.
Such methods or in vivo diagnostic uses can also be used to monitor the progress of heart disease or for monitoring
heart disease therapy.
[0132] For such methods of imaging or in vivo diagnostic uses, any appropriate binding entity can be used, e.g. any
entity which has the ability to bind to CgB or SgII, or fragments thereof, in vivo. Preferred binding entities are antibodies
or antibody fragments. Antibodies to CgB or SgII are described in the art and some are described specifically herein.
Any of these can be used. Alternatively, as discussed above, appropriate antibodies can readily be generated by the
skilled man using methods well known and documented in the art. Preferred antibodies or binding entities are those that
bind to the epitopes SgII 154-165, SgII 172-186, CgB 439-451 or the C-terminal end of CgB (in particular the core epitope
NLAAMDLELQKIA), which have all been identified herein as important in heart disease diagnosis.
[0133] In such methods or in vivo diagnostic uses, the binding entity, preferably the antibody, may be labeled with any
marker which is detectable in vivo (an in vivo detectable label or imaging agent/modality), preferably using non-invasive
methods.
[0134] Many appropriate in vivo detectable labels or imaging agents/modalities are known in the art, as are methods
for their attachment to binding entities and antibodies. Such detectable labels allow the presence, amount or location of
binding entity-target (in this case binding entity-CgB or binding entity-SgII) complexes in the subject to be examined.
[0135] Specific examples of imaging agents/modalities which might be used are a radio-opaque or radioisotope such
as 3hydrogen, 14carbon, 32phosphorus, 35sulphur, 123iodine, 125iodine, 131iodine, 51chromium, 36chlorine, 57cobalt,
58cobalt, 67copper, 152Eu, 67gallium, 111indium, 59iron, 186rhenium, 188rhenium, 75selenium, 99mtechnetium and 90yttrium;
metal ions (for example paramagnetic ions such as chromium (III), manganese (II), iron (III), iron (II), cobalt (II), nickel
(II), copper (II), neodymium (III), samarium (III), ytterbium (III), gadolinium (III), vanadium (II), terbium (III), dysprosium
(III), holmium (III) and erbium (III) or other metal ions such as lanthanum (III), gold (III), lead (II), and bismuth (III));
fluorescent (fluorophore) compounds, such as fluorescein, rhodamine or luciferin.
[0136] Also disclosed herein is the use of CgB or SgII, or fragments thereof, as molecular targets in tissue for imaging
modalities when investigating heart disease in an individual. The use of upregulated proteins as specific targets in
disease processes is expected to increase during the next decade, and improve the clinical usefulness of all imaging
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modalities in heart disease, e.g. MRI, CT scanning, SPECT, tissue echocardiography, among a few. As we have found
both CgB and SgII clearly upregulated at the protein level in the myocardium during heart disease, imaging modalities
coupled with markers or binding entities for CgB or SgII, or fragments thereof, in the myocardium, can improve the
accuracy for diagnosis and prognosis in individuals with heart disease (e.g. both subclinical and overt heart disease)
compared to conventional imaging. This method may also be used for identifying activated pathophysiological axis and
for monitoring of therapy in individuals with heart disease (e.g. both subclinical and overt heart disease) as described
in more detail elsewhere herein. Again as described in more detail elsewhere herein, more specifically, the epitopes
SgII 154-165, SgII 172-186, CgB 439-451 and the C-terminal end of CgB (in particular the core epitope NLAAMDLE-
LQKIA), have been identified by us as important molecular targets in the myocardium for imaging modalities in evaluating
heart disease in general, and heart failure especially.
[0137] The methods of the invention as described herein can be carried out on any type of subject which is capable
of suffering from heart disease. The methods are generally carried out on mammals, for example humans, primates
(e.g. monkeys), laboratory mammals (e.g. mice, rats, rabbits, guinea pigs), livestock mammals (e.g. horses, cattle,
sheep, pigs) or domestic pets (e.g. cats, dogs).
[0138] In preferred embodiments the mammals are humans. However, in other embodiments, CgB or SgII can be
used as markers of heart disease in any appropriate animal model. Thus, in such embodiments, the methods of the
invention can be carried out on any appropriate experimental animal model used for investigating heart disease or any
aspect of cardiac physiology. Such methods can be used to test and identify (screen) potential new therapeutic agents
(drugs and non-drugs) for heart disease, e.g. a test substance can be administered to the animal model and the effect
on CgB or SgII levels analysed.
[0139] Also disclosed herein is a method of testing the therapeutic potential of a substance for the treatment of heart
disease, comprising administering a test substance to an experimental animal suffering from heart disease and deter-
mining the level of CgB or SgII, or fragments thereof, in said animal.
[0140] In such methods and methods of testing the therapeutic potential of a substance for the treatment of heart
disease in accordance with the present invention, for example, a decrease or lowering of CgB or SgII levels would be
indicative of a possible therapeutic effect or therapeutic potential.
[0141] Once a substance with appropriate therapeutic potential has been identified, said substance is a candidate for
use in therapy. Also disclosed herein are methods in which the substances identified are manufactured and optionally
formulated with at least one pharmaceutically acceptable carrier or excipient. Also disclosed herein are methods in which
the substances identified, manufactured or formulated are used in the treatment of heart disease.
[0142] The methods of the invention can also be used in conjunction with animal models to test or investigate the
molecular mechanisms behind heart disease and to investigate aspects of cardiac signalling involved in heart disease.
[0143] Appropriate animal models for use in these aspects would be well known to a person skilled in the art and
would include any animal model which can be used to study heart disease, in particular heart failure. Relevant models
in all species would include: Myocardial infarction, ischemia-reperfusion, aorta banding (ascending and descending
aorta, and aorta abdominalis), pulmonary banding, renal banding with secondary hypertension, septum defect (atrial
and ventricular), genetically modified animals, spontaneously hypertensive animals, and myocarditis (Christensen G et
al., Am J Physiol. 1997;272:H2513-H2524).
[0144] Preferred types of heart disease for these methods of testing and investigation are as described elsewhere
herein.
[0145] Instead of testing on animal models in vivo, such tests could also be carried out in vitro using appropriate
cardiac cell or tissue models, e.g. models comprising cardiomyocytes, for example isolated cardiomyocytes, for example
neonatal cardiomyocytes as described in the Examples.
[0146] The invention will be further described with reference to the following nonlimiting Examples with reference to
the following drawings in which:

Figure 1 shows chromogranin B gene expression in the myocardium one week after MI. CgB gene expression was
clearly upregulated in heart failure animals (CHF) compared to sham animals (5.2 times upregulated, p< 0.001).
Gene expression was measured with qRT-PCR and is presented as change vs. the sham group 6 SEM.
Figure 2 shows the correlations between myocardial chromogranin B gene expression and animal lung weights
(Figure 2A) and left ventricular mass (Figure 2B). CgB gene expression was closely correlated with severity of heart
failure as evaluated by animal lung weights (Figure 2A; r= 0.77, p < 0.001), and myocardial remodeling evaluated
by left ventricular mass (Figure 2B; r= 0.66, p= 0.006). Gene expression was measured with qRT-PCR and is
presented as change vs. the sham group.
Figure 3 shows protein levels of chromogranin B in the myocardium one week after MI (immunoblotting). CgB levels
in the non-infarcted part of the left ventricle were increased by 110 % in heart failure animals (CHF) compared to
sham animals (p= 0.005). CgB levels were measured by chemiluminescence and are presented as change vs. the
sham group 6 SEM.
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Figure 4 shows protein levels of chromogranin B in the myocardium one week after MI (radioimmunoassay on tissue
homogenate). CgB levels in the non-infarcted part of the left ventricle were clearly increased also as measured by
this method, i.e.
radioimmunoassay on tissue homogenates in addition to the immunoblotting method as shown in Figure 3 (0.86 6
0.03 vs. 1.18 6 0.03 fmol/ mg protein; 37 % increase; p< 0.001; presented as change vs. the sham group 6 SEM).
Figure 5 shows the correlations between protein levels of chromogranin B in the myocardium and animal lung
weights (Figure 5A) and left ventricular mass (Figure 5B). Protein levels of CgB in the non-infarcted part of the left
ventricle were closely correlated with the severity of heart failure as evaluated by animal lung weights (Figure 5A;
r= 0.76, p < 0.001), and remodeling of the left ventricle evaluated by left ventricular mass (Figure 5B; r= 0.69, p=
0.001). CgB levels were measured with radioimmunoassay on tissue homogenate.
Figure 6 shows protein levels of chromogranin B in the myocardium one week after MI (immunoblotting). CgB levels
in the infarcted part of the left ventricle in heart failure (CHF) were increased by 70 % compared to the normal
myocardium (p= 0.009). CgB levels were measured by chemiluminescence and are presented as change vs. the
sham group 6 SEM.
Figure 7 shows chromogranin B production in the myocardium as measured by immunohistochemistry. Represent-
ative photomicrographs of myocardial tissue sections of a heart failure (CHF) mouse demonstrating immunoreac-
tivities detected in non-ischemic cardiomyocytes bordering the ischemic zone (border zone, lower left). Similar
immunostaining was also found in the remote non-ischemic myocardium (upper left). In the ischemic region (upper
right), only weak CgB immunostaining was detected. Bottom right picture demonstrates very weak staining after
use of non-immune rabbit serum as control (ctr). Magnification: 3200.
Figure 8 shows chromogranin B gene expression in isolated cardiomyocytes after stimulation with important signaling
proteins in cardiovascular disease. CgB gene expression (Figure 8A) was most clearly upregulated after stimulation
with norepinephrine (NA) (3 x upregulated), but was also significantly upregulated after stimulation with angiotensin
II (ATII), transforming growth factor- β (TGF-β) and monocyte chemoattractant protein-1 (MCP-1). BNP gene ex-
pression is shown for comparison. Gene expression was measured with qRT-PCR and is presented as change vs.
PBS stimulated cells 6 SEM, forskolin was added as positive control. Other abbreviations are: tumor necrosis factor-
α (TNF-α), interleukin-1 β (IL-1 β). N=3 for all experiments, except N=6 for TNF-α and IL-1 β.
Figure 9 shows circulating chromogranin B levels in experimental heart failure. CgB levels were increased in heart
failure animals (CHF) compared to sham animals (1.44 6 0.12 nmol/L vs. 1.02 6 0.07 nmol/L, p= 0.003). The
horizontal line within the box represents the median level and the boundaries of the box the 25th and 75th percentile
levels.
Figure 10 shows circulating chromogranin B levels in human heart failure. Figure 10A shows that CgB levels were
clearly increased in patients with heart failure patients (CHF) compared to the control subjects (1.69 6 0.03 vs. 1.52
6 0.05 nmol/L, p= 0.007). Figure 10B shows that CgB levels were regulated according to severity of heart failure;
control group: 1.52 6 0.05, NYHA class II: 1.64 6 0.03, NYHA class III: 1.78 6 0.08, NYHA class IV: 1.81 6 0.09
nmol/L; Test for trend: p= 0.001. The horizontal line within the box represents the median level and the boundaries
of the box the 25th and 75th percentile levels.
Figure 11 shows chromogranin B levels in patients in stable and decompensated heart failure. There was no sig-
nificant difference in circulating CgB levels between patients in compensated and decompensated heart failure (1.68
6 0.03 vs. 1.76 6 0.08 nmol/L; p= 0.27). Patients in the decompensated condition had more severe CHF compared
to the compensated group (NYHA II/ III/ IV: 0 (0 %)/ 3 (30 %)/ 7 (70 %) vs. 54 (77 %)/ 15 (21 %)/1 (1 %), respectively;
p< 0.001). The horizontal line within the box represents the median level and the boundaries of the box the 25th
and 75th percentile levels.
Figure 12 shows the effect of proton pump inhibitors on circulating levels of chromogranin B and chromogranin A
in heart failure patients. Figure 12A shows that CgB levels in heart failure patients were not affected by the use of
proton pump inhibitors (PPIs); PPI users: 1.68 6 0.07 vs. PPI non-users: 1.69 6 0.03 nmol/L, p= 0.98. There was
no difference in severity of heart failure (CHF) between PPI users and non-users (NYHA II/ III/ IV: 6 (55 %)/ 4 (36
%)/1 (9 %) vs. 48 (70 %)/14 (20 %)/ 7 (10 %), respectively; p= 0.40). Figure 12B shows that, in contrast, CgA levels
were clearly increased in PPI users compared to heart failure patients not using PPIs; PPI users: 15.89 6 4.18 vs.
PPI non-users: 6.09 6 0.37, p= 0.007. The horizontal line within the box represents the median level and the
boundaries of the box the 25th and 75th percentile levels.
Figure 13 shows chromogranin B as a diagnostic biomarker in heart failure. Circulating CgB levels showed an
excellent ability to discriminate between individuals with heart failure and healthy control subjects (AUC= 0.70, p=
0.001).
Figure 14 shows chromogranin B as a diagnostic biomarker in heart failure. The accuracy was clearly better for
circulating CgB levels than for CgA levels for diagnosing heart failure (AUC: CgB= 0.70 vs. CgA= 0.61).
Figure 15 shows secretogranin II and B-type natriuretic peptide gene expression in the myocardium one week after
MI. SgII gene expression was highly upregulated in heart failure (CHF) animals compared to sham animals (11.5
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times upregulated, p< 0.001), which was more upregulated than corresponding BNP gene expression in the myo-
cardium (5.8 times upregulated, p< 0.001). Gene expression was measured with qRT-PCR and is presented as
change vs. the sham group 6 SEM.
Figure 16 shows the correlation between secretogranin II gene expression, animal lung weights and left ventricular
mass. SgII gene expression was closely correlated with severity of heart failure as evaluated by animal lung weights
(Figure 16A; r= 0.76, p < 0.001), and myocardial remodeling evaluated as left ventricular mass (Figure 16B; r= 0.66,
p= 0.006). Gene expression was measured with qRT-PCR and is presented as change vs. the sham group.
Figure 17 shows the correlations between secretogranin II and chromogranin B and B-type natriuretic peptide gene
expression. SgII gene expression was closely correlated with both BNP (Figure 17A; r= 0.80, p< 0.001) and CgB
gene expression (Figure 17B; r= 0.79, p< 0.001). Gene expression was measured with qRT-PCR and is presented
as change vs. the sham group.
Figure 18 shows protein levels of secretogranin II in the myocardium one week after MI. SgII levels in the non-
infarcted part of the left ventricle were increased by 35 % in heart failure (CHF) animals compared to sham animals
(0.63 6 0.04 vs. 0.47 6 0.03 fmol/mg protein, p= 0.006). SgII levels were measured with radioimmunoassay on
tissue homogenate and are presented as change vs. the sham group 6 SEM.
Figure 19 shows the correlations between protein levels of secretogranin II in the myocardium and animal lung
weights (Figure 19A) and left ventricular mass (Figure 19B). Protein levels of SgII in the non-infarcted part of the
left ventricle were closely correlated with the severity of heart failure as evaluated by animal lung weights (Figure
19A; r= 0.55, p= 0.018), and remodeling of the left ventricle evaluated by left ventricular mass (Figure 19B; r= 0.58,
p= 0.012). SgII levels were measured with radioimmunoassay on tissue homogenate.
Figure 20 shows protein levels of secretogranin II in the myocardium one week after MI. SgII levels were also
increased in the infarcted part of the left ventricle compared to the normal myocardium (0.67 6 0.03 vs. 0.36 6 0.01
fmol/mg tissue, p< 0.001). SgII levels were measured with radioimmunoassay on tissue homogenate and are pre-
sented as change vs. the sham group 6 SEM.
Figure 21 shows the correlations between secretogranin II in the myocardium and animal lung weights (Figure 21A)
and left ventricular mass (Figure 21B). SgII levels in the infarcted part of the left ventricle were also closely correlated
with severity of heart failure as evaluated by animal lung weights (Figure 21A; r= 0.71, p= 0.001), and myocardial
remodeling evaluated by left ventricular mass (Figure 21B; r= 0.74, p= 0.001). SgII levels were measured with
radioimmunoassay on tissue homogenate.
Figure 22 shows secretogranin II production in the myocardium as measured by immunohistochemistry. Represent-
ative photomicrographs of myocardial tissue sections of a CHF mouse demonstrating immunoreactivities detected
in non-ischemic cardiomyocytes bordering the ischemic zone (border zone, lower left).
Similar immunostaining was also found in the remote non-ischemic myocardium (upper left). In the ischemic region
(upper right), only weak SgII immunostaining was detected. Bottom right picture demonstrates very weak staining
after use of non-immune rabbit serum as control (ctr). Magnification: 3200.
Figure 23 shows secretogranin II gene expression in isolated cardiomyocytes after stimulation with important sign-
aling proteins in cardiovascular disease. SgII gene expression was upregulated after stimulating with transforming
growth factor-β, TGF-β3 (85 % increase) and norepinephrine (NA)(55 % increase). Gene expression was measured
with qRT-PCR and is presented as change vs. PBS stimulated cells 6 SEM, forskolin was added as positive control.
Other abbreviations are: angiotensin II (AT-II), tumor necrosis factor-α (TNF-α), interleukin-1 β (IL-1 β), monocyte
chemoattractant protein-1 (MCP-1). N=3 for all experiments, except N=6 for TNF-α and IL-1 β.
Figure 24 shows circulating secretogranin II levels in human heart failure. Figure 24A shows that SgII levels were
clearly increased in patients with heart failure (CHF) compared to the control group (0.17 6 0.01 vs. 0.12 6 0.01
nmol/L, p< 0.001). Figure 24B shows that SgII levels were regulated according to severity of heart failure; control
group: 0.12 6 0.01, NYHA class II: 0.17 6 0.01, NYHA class III: 0.19 6 0.01, NYHA class IV: 0.18 6 0.02 nmol/L;
Test for trend: p< 0.001. The horizontal line within the box represents the median level and the boundaries of the
box the 25th and 75th percentile levels.
Figure 25 shows secretogranin II levels in patients in stable and decompensated heart failure. There was no significant
differences in circulating SgII levels between patients in compensated and decompensated heart failure (0.17 6
0.01 vs. 0.17 6 0.01 nmol/L; p= 0.83). Patients in decompensated condition had more severe CHF compared to
the patients in the compensated condition (NYHA II/ III/ IV: 0 (0 %)/ 3 (30 %)/ 7 (70 %) vs. 54 (77 %)/15 (21 %)/1
(1%), respectively; p< 0.001). The horizontal line within the box represents the median level and the boundaries of
the box the 25th and 75th percentile levels.
Figure 26 shows the effect of proton pump inhibitors on circulating levels of secretogranin II in heart failure patients.
Figure 26 shows that SgII levels in heart failure patients were not affected by the use of proton pump inhibitors
(PPIs); PPI users: 0.17 6 0.01 vs. PPI non-users: 0.17 6 0.01 nmol/L, p= 0.76. There was no difference in severity
of heart failure (CHF) between PPI users and non-users (NYHA II/ III/ IV: 6 (55 %)/ 4 (36 %)/ 1 (9 %) vs. 48 (70 %)/
14 (20 %)/ 7 (10 %), respectively; p= 0.40). In contrast, CgA levels were clearly increased in PPI users compared
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to heart failure patients not using PPIs (see Figure 12B). The horizontal line within the box represents the median
level and the boundaries of the box the 25th and 75th percentile levels.
Figure 27 shows secretogranin II as a diagnostic biomarker in heart failure. Circulating SgII levels showed an
excellent ability to discriminate between individuals with heart failure and healthy control subjects (AUC= 0.84, p=
0.0001).
Figure 28 shows secretogranin II as a diagnostic biomarker in heart failure. The accuracy was clearly better for
circulating SgII levels than for CgA levels for diagnosing heart failure (AUC: SgII= 0.84 vs. CgA= 0.61).
Figure 29 shows SgII and CgB levels are increased in CPVT patients compared to control subjects. Figures 29A
and 29B show blood SgII and CgB levels measured before and after a bicycle exercise-stress test. Figure 29A
shows that SgII levels after exercising were significantly higher in CPVT patients compared to control subjects (0.168
6 0.008 vs. 0.134 6 0.008 nmol/L, p=0.015) (n=6 for both groups).
Similarly, CgB levels were higher in CPVT patients before the exercise test (1.39 6 0.09 vs. 0.97 6 0.07 nmol/L,
p=0.02). Figure 29C and 29D show SgII and CgB salivary levels before the stress test. Figure 29C shows that
salivary SgII levels are increased in patients with CPVT (0.078 6 0.020 vs. 0.024 6 0.010 nmol/L, p=0.04),
and Figure 29D shows that also salivary CgB levels are increased in CPVT patients (1.12 6 0.26 vs. 0.23 6 0.13
nmol/L, p=0.02). SgII and CgB levels were measured by radioimmunoassay. Data in Figures 29A and 29B are
presented as mean 6 SEM.
In Figures 29A and 29B the solid lines show data for patients with CPVT and the hashed lines show data for control
subjects. For Figures 29C and 29D the horizontal line within the box represents the median level, the boundaries
of the box the 25th and 75th percentile levels, and the whiskers range (maximum value restricted to 1.5 x interquartile
range from the median). (Abbreviations: Ctr- Control) Figure 30 shows that SgII and CgB levels are higher in patients
diagnosed with ischemic heart disease than in patients not suffering from ischemic heart disease.
Figure 30A shows that the blood SgII level is higher in patients diagnosed with ischemic heart disease than in
patients not suffering from ischemic heart disease (0.156 6 0.013 vs. 0.127 6 0.012 nmol/L). Figure 30B shows
that circulating CgB levels are increased in patients with chest pain and IHD compared to patients with non-IHD
chest pain (1.17 6 0.11 vs. 0.95 6 0.01 nmol/L). Figure 30C shows that the saliva SgII level is higher in patients
diagnosed with ischemic heart disease than in patients not suffering from ischemic heart disease (0.058 6 0.008
vs. 0.022 6 0.004), while Figure 30D shows that also CgB levels in saliva are increased in patients with IHD and
chest pain (0.664 6 0.109 vs. 0.087 6 0.055 nmol/L). The horizontal line within the box represents the median level
and the boundaries of the box the 25th and 75th percentile levels. SgII and CgB levels were measured by radioim-
munoassay.

EXAMPLES

Example 1. CgB expression is significantly increased in experimental and clinical heart failure

A. Materials and Methods

Mouse model of heart failure

[0147] 6 week old C56B1/6 mice (Taconic, Skensved, Denmark) were used for all experiments. All surgical procedures
were performed by one investigator (HR) as earlier described by Iversen et al. (Am J Physiol Regul Integr Comp Physiol,
2002, Jan;282(1):R166-R172). In short, animals were trachetomized and connected to an animal ventilator breathing a
mixture of oxygen and isoflurane. Via a left-sided thoracotomy, pericardectomy was performed followed by ligation of
the left main coronary artery in the heart failure group. Sham-operated animals underwent the same procedure except
ligation of the coronary artery. After one week follow-up a full echocardiographic evaluation was performed by an expe-
rienced investigator (IS) in all CHF animals and in a representative proportion of sham animals while animals were
anaesthetized breathing a gas mixture of oxygen and isoflurane supplied via a facemask. We used criteria for including
animals in the CHF group that previously have been validated by our group as having a high sensitivity and specificity
for diagnosing heart failure non-invasively. i.e.: 1. MI larger than 40 % of the circumference of the left ventricle, 2. left
atria size > 0.2 mm, 3. > 35 % increase in lung weight compared to the sham group (e.g. lung weight > 0.2 g).
[0148] After sacrificing the animals, hearts were removed, blotted dry and dissected into the right and left ventricle. In
CHF animals the left ventricle was divided into the infarcted and non-infarcted part. Lung tissue was dissected free from
other mediastinal structures before being weighted. Tissue samples from liver, spleen, kidney, stomach, part of the colon
and the anterior tibial muscle were also collected. Tissue intended for quantitative real time polymerase chain reaction
(qRT-PCR), immunoblotting or radioimmunoassay on tissue homogenate were immediately frozen in liquid nitrogen and
stored at -70 ° C until use, while hearts collected for immunohistological analysis were fixed overnight in 4 % formalin,
washed in 30 % ethanol and stored in 70 % ethanol at 4 ° C before use. To evaluate the effect on gene expression and



EP 2 342 570 B1

20

5

10

15

20

25

30

35

40

45

50

55

protein levels by anesthesia and surgery per se sham animals were compared to age-matched non-operated animals
for all experiments.
[0149] The study was performed according to the recommendations given by the European Council for Laboratory
Animal Science and approved by the Local Ethics Committee and by the Norwegian Council for Animal Research.

Heart failure patients

[0150] Seventy outpatients with well compensated chronic heart failure and 10 patients admitted with decompensated
heart failure were included in the clinical part of the study. Accordingly, the CHF group comprised of 80 patients in total.
All patients were included at a single center, Akershus University Hospital, a secondary referral and teaching hospital
in metropolitan Oslo, Norway, with a catchment area of approximately 320 000 people. Patients were evaluated and
categorized by a cardiologist (TO) who had access to the medical records of the patient, but was blinded for biomarker
measurements.
[0151] The patients in the compensated CHF group were all consecutively recruited from the hospital’s heart failure
outpatient clinic. All patients had a prior diagnosis of chronic CHF and were deemed clinically stable at the time of
recruitment. Patients admitted to the coronary care unit during May 2008 with a main diagnosis of decompensated CHF
were included consecutively. Patients were classified according to the New York Heart Association (NYHA) functional
class system by one investigator (HR). A transthoracal echocardiogram had been obtained within the last 18 months in
all but 3 patients (4 %) who had been clinically stable during this period. Seventy three patients (91 %) had undergone
coronary angiography for diagnostic purposes.
[0152] Patients with acute MI, cardiac surgery or percutaneous coronary intervention during the last 3 months were
not eligible for participation in the study. Accordingly, none of the patients with decompensated CHF were diagnosed
with an acute MI. Patients with non-curable malignancy and life expectancy < 1 year was also excluded. Twenty age-
and gender-matched control subjects were recruited; these individuals had no history of cardiovascular disease or other
concurrent disease, no current symptoms of cardiovascular disease as evaluated by one investigator (HR), and they
were not regular user of any medication.
[0153] The study protocol was approved by the Regional Ethics Committee before the initiation of the study. All
participants gave their written informed consent prior to study commencement.

Blood samples

[0154] Blood samples in humans were drawn from an antecubital vein, while blood samples from animals were collected
from the vena cava inferior after a laparotomy of anaesthetized animals breathing a combination of oxygen and isoflurane.
Blood samples were immediately put on ice, centrifuged within 30 minutes and later stored at -70 ° C pending analysis.

Quantitative real time polymerase chain reaction (qRT-PCR)

[0155] Total RNA from the myocardium of 9 CHF mice and 8 sham-operated mice was extracted by the use of the
SV Total RNA Isolation System (Promega Corporation, WI, USA) according to the protocol. Tissue (20-35 mg) from the
non-infarcted region of the left ventricle was used for RNA extraction. Homogenization was performed with the Mixer
Mill MM 300 system (RETSCH, Haan, Germany) after adding 175 ml lyses buffer and a 5 mm stainless steel bead
(Qiagen, Hilden, Germany) to the samples. RNA concentration was measured with the NanoDrop system (NanoDrop
Technologies, Wilmington, DE, USA) and RNA quality evaluated with the Agilent BioAnalyzer 2100 (Agilent Technologies
Inc., Santa Clara, CA, USA). cDNA was produced from 5 mg RNA with the High-Capacity cDNA Archive kit (Applied
Biosystems, Foster City, CA, USA); the GeneAmp PCR system 9700 thermal cycler (Applied Biosystems) was used for
the reverse transcription. Gene expression was measured by qRT-PCR detected on a 7900 HT Real-Time PCR System
(Applied Biosystems) with pre-made TaqMan Gene Expression assays from Applied Biosystems: CgB
(Mm00483287_ml), BNP (Mm00435304_g1), ribosomal protein L4 (Rpl4) (Mm00834993_g1). Rpl4 served as an internal
control. The reference curve for CgB was plotted from neonatal mouse brain tissue, while myocardial tissue was used
for plotting BNP and RPL reference curves. Gene expression is presented as change from the mean in the sham group
(normalized vs. sham). All samples were run in triplicate.

1-D gel electrophoresis and immunoblotting

[0156] Frozen myocardial tissue samples were homogenized in a cold lysis buffer containing 210 mM sucrose, 40
mM NaCl, 30 mM Hepes, 5 mM EDTA, 1% Tween-20 and different protease inhibitors (Complete EDTA-free protease
inhibitor cocktail, Roche Diagnostics, Basel, Switzerland). Mechanical homogenization was performed with the Mixer
Mill MM 300 system with insoluble material removed after centrifugation at 12000 G. The lysates were added 1 % SDS
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as a final concentration. Total protein content was measured with the micro BCA protein assay kit (Pierce Biotechnology,
Rockford, IL, USA) according to the Bradford method (Bradford, 1976). Prior to gel loading, lysates were boiled for 5
minutes after mixing 30 ug protein with SDS gel-loading buffer (50 % sucrose, 7.5 % SDS, 0.0625M Tris-HCl, pH 6.8)
and 2mM EDTA (3.1 % DTT, 0.01 % bromophenolblue, pH 7.5). After protein loading polyacrylamide gels (10-12 %)
were run approximately for 75 minutes at 200 V, however, with some variation as electrophoresis length was chosen
according to the protein of interest. Molecular markers were included in all gels. Proteins separated on gels were
transferred to a Hybond-P PVDF membranes (Amersham Biosciences, Freiburg, Germany) using a Mini Trans-Blot Cell
system (Biorad Laboratories, Hercules, CA, USA) after which the membranes were incubated in room temperature (RT)
with 5 % skimmed dry milk diluted in Tris-buffered saline containing 0.1 % Tween (TBS-t) to avoid unspecific antibody
binding. After 2 hours primary antibodies diluted in TBS-t were added to the membranes before storage overnight at 4
degrees, the next day secondary antibodies diluted in TBS-t were added to the membranes for 1 hour at RT. Membranes
were washed three times for 5-15 minutes in TBS-t in between and after all incubation steps. The roller mixer (444-1607,
VWR International, West Chester, PA, USA) was used for incubations.
[0157] A purified polyclonal goat anti-human CgB antibody reported by the manufacturer to bind to the C-terminal end
of CgB was used for all immunoblotting (1:200 dilution, Sc-1489, Santa Cruz, CA, USA). This antibody was identified
as showing strong and specific binding to the amino acid sequence EKKELENLAAMDLELQKIAEKFSQRG (data not
shown) with underlined amino acids indicating the core epitope. The identified residues are located to the extreme C-
terminus in CgB and are consistent with the source information from the manufacturer. For visualizing immunostained
proteins the ECL Plus Western Detection System (Amersham Biosciences Europe, Freiburg, Germany) and an Im-
ageReader LAS 3000-mini digital detector (Fujifilm, Tokyo, Japan) was used with densitometry of immunostained bands
measured with MultiGauge (Fujifilm). Equal protein loading on gels was controlled by using anti-glyceraldehyde-3-
dehydrogenase (GAPDH) as an internal control (anti-GAPDH antibody, Cell Signaling Technology, Boston, MA, USA).
[0158] In general, CHF and sham individuals were loaded in every second well in the acrylamide gels to avoid differ-
ences due to technical difficulties, 6 individuals per group were maximum per gel. Total protein extracts from neonatal
mouse brain or a rat pheochromocytoma cell line (PC12 cell line, sc-2250, Santa Cruz) were included in the gels as
positive controls. For myocardial tissue with n > 6 in CHF and sham groups, blots were compared by normalizing bands
against three individuals whom had samples run on all gels. CgB levels are presented as change from the mean in the
sham group (normalized vs. sham). As CgB has a highly acidic charge, CgB migrates slower in the SDS-PAGE system
than predicted from its calculated molecular weight. Molecular weights for the full length CgB molecule in the SDS-PAGE
system have been reported to 100-120 kDa.
[0159] Secondary antibodies (diluted 1:2500-1:5000) against rabbit (4030-05) and goat (6160-05) were purchased
from Southern Biotech (Birmingham, AL, USA). Precision Plus Protein Dual Color Standard (161-0374) was used as
the molecular maker (Biorad Laboratories, Hercules, CA, USA).

Radioimmunoassay

[0160] Circulating CgB levels were measured by an in-house made region-specific radioimmunoassay detecting
CgB439-451 as previously reported (Stridsberg et al., 2005, Regulatory Peptides:125, 193-199). The detection limit was
<2 fmol/ tube. Circulating CgA levels were measured by a commercial radioimmunoassay identifying CgA116-439 (Euro-
Diagnostica AB, Malmö, Sweden). All samples were assayed in duplicates and total assay variation was <7 %.
[0161] CgB tissue levels were measured with the same region-specific CgB439-451 radioimmunoassay as was used
for measuring circulating CgB levels. No samples had CgB levels below the detection limit. All samples were assayed
in duplicates.

Immunohistochemistry

[0162] Mouse myocardial sections were stained using the same purified polyclonal goat anti-human CgB (Santa Cruz)
antibody as was used for immunoblotting followed by biotinylated anti-goat IgG (Vector Laboratories, Burlingame, CA,
USA). The immunoreactivities were further amplified using avidin-biotin-peroxidase complexes (Vectastain Elite kit,
Vector Laboratories). Diaminobenzidine was used as the chromogen in a commercial metal enhanced system (Pierce
Biotechnology, Rockford, IL, USA). The sections were counter-stained with hematoxylin. Neonatal mouse brain tissue
and carcinoid tumor tissue served as positive control tissue. Omission of the primary antibody or use of non-immune
rabbit serum served as negative controls.

Isolation of neonatal cardiomyocytes and cell culture experiments

[0163] Neonatal rat cardiomyocytes were isolated from neonatal (1-3 days) Wistar rats (Taconic, Skensved, Denmark)
as previously reported. After 24 hours starvation, the cardiomyocytes were stimulated for 24 hours with the following
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agents; Forskolin [1 and 10 mM], norepinephrine [100 mM], endothelin [77 ng/ml] and angiotensin II [1 mM] (all Sigma,
Europe), tumor necrosis factor-α (TNF-α) [10 ng/ml] (BioSource International Camarillo, CA, USA), interleukin- 1β (IL-
1β) [10 ng/ml], monocyte chemoattractant protein-1 (MCP-1) [200 ng/ml], transforming growth factor-β (TGF-β) [10 ng/ml]
(all R&D Systems, Minneapolis, MN, USA), and a C-terminal CgB peptide - CgB312-323 [1, 10 and 100 ng/ml] (053-20,
Phoenix Pharmaceuticals, Burlingame, CA, USA).
[0164] Total RNA was isolated from neonatal rat cardiomyocytes according to the protocol (RNeasy mini kit, Qiagen,
Valencia, CA, USA). Along with lysis buffer, the Mixer Mill 300 System (RETSCH, Haan, Germany) and stainless steel
beads (Qiagen, Hilden, Germany) were used for mechanical disruption of the cells. RNA concentrations and quality
were assessed as earlier described with the NanoDrop system and an Agilent BioAnalyzer 2100. Reverse transcription
reactions were performed with iScript Select cDNA Synthesis Kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Gene
expression was determined by qRT-PCR with pre-made TaqMan Gene Expression Assays from Applied Biosystems:
CgB (Rn01514853_m1), BNP (Rn00580641_m1), Rpl4 (Rn00821091_g1). Gene expression in stimulated cells is pre-
sented as change vs. gene expression in PBS stimulated cells (normalized vs. control). All samples were run in triplicate
and Rp14 gene expression was used as an internal control.

Statistical analysis

[0165] Continuous data are presented as mean (6 SEM) and categorical values as counts (percentage). Continuous
and categorical variables in control subjects and heart failure individuals were compared using Student’s t-test, Mann-
Whitney U-test, chi-square test or Fisher’s exact test as appropriate. Correlations and trends between biomarkers and
other continuous variables were calculated using Spearman rank correlation. Associations between CgB and BNP
myocardial gene expression and animal lung weights were assessed with linear regression analysis; model fit was
controlled by checking normality for standardized residuals. Accuracies of circulating CgA and CgB as biomarkers for
diagnosing heart failure were evaluated by ROC curve analyses.
[0166] P-values < 0.05 were considered significant for all analyses. Statistical analyses were performed with SPSS
for Windows version 14.0 (SPSS, Chicago, Il, USA) with the exception of ROC curve analysis that were performed with
MedCalc for Windows, version 9.5.1.0 (MedCalc Software, Mariakerke, Belgium).

B. Results

Characteristics of animals

[0167] There was no difference in body weight between animals in the CHF group (N= 35) and the sham group (N=
29) at baseline (Table 1). One week post-MI, CHF animals had lung weights twice as high as sham animals, and
significantly increased left ventricular mass and right ventricular mass (Table 1), confirming that the CHF animals were
indeed in heart failure with ongoing myocardial remodeling. Moreover, CHF animals had clearly increased myocardial
BNP production (Table 1).

Myocardial CgB gene expression in experimental heart failure

[0168] CgB gene expression was 5.2 times upregulated in the non-infarcted part of the left ventricle in CHF animals
compared to sham animals (p < 0.001, Figure 1). Myocardial CgB gene expression was highly correlated with the severity
of heart failure as evaluated by animal lung weights (r= 0.77, p< 0.001, Figure 2A), and myocardial remodeling evaluated
by left ventricular mass (r= 0.66, p= 0.006, Figure 2B).
[0169] As reported, BNP gene expression was also upregulated in the myocardium of the CHF animals, and closely
correlated with CgB gene expression (r= 0.65, p= 0.005). BNP gene expression was also associated with animal lung
weight; however, the association between BNP gene expression and animal lung weights was weaker than the association
seen between CgB gene expression and animal lung weights (Table 2). Further, after adjusting for CgB gene expression
in multivariate analysis, the association between BNP gene expression and animal lung weights was attenuated and
only of borderline significance. In contrast, CgB gene expression was independently associated with animal lung weights
also in multivariable analysis (Table 2). Combining CgB and BNP in a multivariable model for prediction of animal lung
weights added limited information compared to a model with CgB gene expression alone (r2= 0.70 vs. 0.62), Table 2.
[0170] We found no change in gene expression between non-operated control animals and animals in the sham group.
Rpl4 gene expression was not changed in any of the experiments.

Myocardial CgB protein levels in experimental heart failure

[0171] Protein levels of CgB were significantly increased in the non-infarcted part of the left ventricle of CHF animals
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compared to the normal myocardium as measured both by immunoblotting (Figure 3), and by radioimmunoassay on
tissue homogenate (Figure 4), with a 110 % (p= 0.005) and 37 % (p< 0.001) increase, respectively. Protein levels of
CgB in the non-infarcted myocardium were also highly correlated with the severity of heart failure as evaluated by animal
lung weights (r= 0.76, p< 0.001, Figure 5A), and left ventricular remodeling evaluated by left ventricular mass (r= 0.69,
p= 0.001, Figure 5B). Furthermore, CgB levels were also increased in the infarcted part of the left ventricle in CHF
animals compared to normal myocardium (immunoblotting; 70 % increase, p= 0.009, Figure 6). In contrast, CgB levels
were not increased in CHF vs sham animals in samples from any other tissue investigated (which included right ventricle,
lung, spleen, liver, kidney, stomach, colon and skeletal muscle), either as measured by immunoblotting (data not shown),
or by radioimmunoassay on tissue homogenate (data not shown).
[0172] In immunoblotting, strong bands were found for the positive controls added to gels with molecular weights
corresponding to what has earlier been reported as the full length CgB molecule in the SDS-PAGE system (100-120
kDa). CgB levels were unchanged between non-operated animals and sham animals.

Cellular localization of myocardial CgB production in experimental heart failure

[0173] As shown in Figure 7 (which shows the results of an immunohistochemistry analysis), fairly strong CgB immu-
nostaining was found in cardiomyocytes in non-infarcted myocardial tissue, whereas only weak staining was observed
in the infarcted region. Immunostaining was confirmed in positive control sections of CNS or carcinoid tumor tissue. No
or very weak staining was seen in the negative control sections stained with omission of the primary antibody or with
the use of non-immune antiserum, respectively. Figure 7 shows that the only cells producing CgB in the myocardium
are cardiomyocytes, indicating that CgB is a myocardium- and cardiomyocyte-regulated protein during heart failure
development.

Regulation of CgB gene expression in neonatal cardiomyocytes

[0174] CgB gene expression was upregulated in vitro by several important signaling proteins in cardiovascular disease,
most prominently by norepinephrine (NA) with a 3 fold increase (Figure 8). Angiotensin II (AT II), monocyte chemoat-
tractant protein-1 (MCP-1) and transforming growth factor-β (TGF- β) also significantly upregulated CgB production, but
markedly less than norepinephrine. In contrast, no significant change in CgB gene expression was found after stimulating
cells with endothelin, tumor necrosis factor-α, interleukin-1β or CgB. Forskolin, serving as a positive control as forskolin
is known to upregulate CgB gene expression, also increased CgB production by 60 % (Figure 8).
[0175] For the purpose of comparison, BNP gene expression was also investigated. As expected, BNP production
increased after stimulation with NA, AT II, endothelin and TGF-β (Figure 8). As for CgB, NA proved to be the most
powerful stimulus for increased BNP gene expression. Stimulating cells with CgB312-323 at various concentrations did
not affect either CgB or BNP gene expression.
[0176] CgB and BNP gene expression were stable in cells stimulated with PBS only, and Rpl4 gene expression was
unchanged for all experiments.

Circulating levels of CgB in heart failure

Circulating levels of CgB in the experimental model

[0177] Circulating CgB levels were increased in heart failure animals compared to sham animals (1.44 6 0.12 nmol/L
vs. 1.02 6 0.07 nmol/L, p= 0.003, Figure 9). Circulating levels of CgB were also significantly correlated with the severity
of heart failure as evaluated by animal lung weights (r= 0.42, p= 0.030, data not shown), and myocardial remodeling
evaluated by left ventricular mass (r= 0.48, p= 0.025, data not shown). There was no significant difference in circulating
CgB levels between non-operated animals and sham operated animals.

Baseline characteristics of human heart failure patients and control subjects

[0178] There was no difference regarding gender for the heart failure patients and the control group (Table 3). Patients
in decompensated heart failure were older than patients in compensated heart failure (73.5 6 2.4 vs. 62.7 6 1.5 years,
p= 0.01), and the control subjects (73.5 6 2.4 vs. 60.6 6 1.1 years, p< 0.001), while there was no significant difference
in age between compensated heart failure patients and control subjects (62.7 6 1.5 vs. 60.6 6 1.1 years, p= 0.12, Tables
3 and 4).
[0179] Evaluating the CHF group as a whole, patients were mainly in stable condition with 67 % in NYHA class II, 18
months median duration of heart failure symptoms, and a mean left ventricular ejection fraction (LVEF) of 33 % (Table
3). The patients with decompensated heart failure had more severe heart failure as evaluated by NYHA class and LVEF
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compared to the other heart failure patients, but similar duration of heart failure symptoms (Table 4).
[0180] Patients were treated according to updated guidelines for heart failure treatment with almost all patients receiving
both a β-blocker and a blocker of the renin-angiotensin-aldosterone axis, and a high proportion treated with statins,
warfarin, and aspirin (Table 3). Additionally, 18 % of the patients were being treated with cardiac resynchronization
therapy (CRT). Comparing patients in decompensated heart failure to patients in compensated heart failure, more
patients in the decompensated group were being treated with digitalis and CRT, and there was a trend towards more
diuretics and nitrate use (Table 4). PPI use was similar in patients with compensated and decompensated heart failure
(Table 4), in total 11 (14 %) of the heart failure patients were using PPIs (Table 3).

Circulating levels of chromogranin B in human heart failure patients

[0181] Circulating CgB levels were clearly increased in heart failure patients compared to control subjects (1.69 6
0.03 vs. 1.52 6 0.05 nmol/L, p= 0.007, Figure 10A). Moreover, CgB levels increased in proportion to the severity of
heart failure as evaluated by NYHA functional class; control group: 1.52 6 0.05, NYHA class II: 1.64 6 0.03, NYHA
class III: 1.78 6 0.08, NYHA class IV: 1.81 6 0.09 nmol/L; Test for trend: p= 0.001, Figure 10B). There were no significant
difference in circulating CgB levels between patients in compensated and decompensated heart failure (1.68 6 0.03 vs.
1.76 6 0.08 nmol/L, p= 0.27, Figure 11), however, due to the relatively low number of patients with decompensated
heart failure, the study had limited statistical power to detect such differences. Nevertheless, a general trend towards
higher CgB levels in decompensated heart failure patients was noted and can be seen in Figure 11. PPI use was not
associated with increased circulating CgB levels (PPI users vs. non-users; 1.68 6 0.07 vs. 1.69 6 0.03, p= 0.98, Figure
12A), in contrast, PPI use clearly increased circulating CgA levels (PPI users vs. non-users: 15.89 6 4.18 vs. 6.09 6
0.37 nmol/L, p= 0.007, Figure 12B). We found no difference in circulating CgB levels between patients with heart failure
due to ischemic etiology and patients diagnosed with dilated cardiomyopathy (1.69 6 0.04 vs. 1.70 6 0.07 nmol/L, p=
0.89). Gender did not affect circulating CgB levels with similar levels found for male and female CHF patients (1.70 6
0.03 vs. 1.67 6 0.06, p= 0.89), and male and female control subjects (1.53 6 0.06 vs. 1.48 6 0.08, p= 0.64).
[0182] Circulating levels of CgA and CgB were only modestly correlated (r= 0.27, p= 0.006), indicating that these
proteins may be regulated differently during heart failure development. Evaluating the accuracy of circulating CgB levels
for diagnosing heart failure, CgB discriminated well between heart failure patients and control subjects (AUC= 0.70, p=
0.001, Figure 13), and was clearly superior to CgA (AUC = 0.70 vs. 0.61, Figure 14).

C. Discussion

[0183] In the present study, we report upregulated CgB gene expression and protein levels in the left ventricle during
heart failure development, while CgB production was not increased in other tissues investigated. Moreover, cardiomy-
ocytes were the only cells found to be producing CgB, indicating that CgB is a myocardium- and cardiomyocyte-regulated
protein during heart failure development. Supporting this notion, CgB production in the myocardium was closely asso-
ciated with severity of heart failure as evaluated by animal lung weights, and myocardial remodeling evaluated by left
ventricle mass. Additionally, well known and important signaling proteins in cardiovascular disease, including AT II, TGF-
β, MCP-1, and most prominently NA, upregulated CgB gene expression in cardiomyocytes, linking CgB production in
the myocardium to the RAAS-axis, cytokine production and the β-adrenergic system. Supplementing these findings, we
also found circulating CgB levels increased in both experimental and clinical heart failure, with CgB levels also here
closely associated with the severity of heart failure and degree of myocardial remodeling. In clinical heart failure, circulating
CgB levels were regulated according to NYHA functional class, but unaffected by gender and the use of PPIs, the latter
in stark contrast to circulating CgA levels that were clearly increased in PPI users. Circulating CgA and CgB levels were
only modestly correlated, indicating that these proteins may be regulated differently during heart failure development.
Comparing the accuracy of circulating CgA and CgB for diagnosing heart failure, CgB was clearly superior to CgA. CgB
thus seems to be a myocardium- and cardiomyocyte-regulated protein during heart failure development, with circulating
CgB levels representing a very interesting new cardiac specific biomarker for heart failure patients.

Table 1. Descriptive statistics of the animals.

There was no difference in body weight at baseline between sham and CHF animals. One week post-MI CHF animals 
had increased lung weights, higher left ventricular mass and right ventricular mass, and upregulated myocardial BNP 
gene expression compared to sham animals. Data is presented as mean 6 SEM.

Sham (N= 29) CHF (N= 35) p

Animal weight, day 0 (g) 24.3 6 0.4 24.2 6 0.3 0.83

Lung weight, 1 week (g) 0.1447 6 0.0022 0.2950 6 0.0119 < 0.001
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(continued)

There was no difference in body weight at baseline between sham and CHF animals. One week post-MI CHF animals 
had increased lung weights, higher left ventricular mass and right ventricular mass, and upregulated myocardial BNP 
gene expression compared to sham animals. Data is presented as mean 6 SEM.

Sham (N= 29) CHF (N= 35) p

LV mass, 1 week (g) 0.0826 6 0.0015 0.1061 6 0.0023 < 0.001

RV mass, 1 week (g) 0.0202 6 0.0007 0.0233 6 0.0008 0.006

Lung weight/ tibia length (g/mm) 0.0788 6 0.0013 0.1614 6 0.0071 < 0.001

LV mass/ tibia length (g/mm) 0.0447 6 0.0008 0.0571 6 0.0012 < 0.001

RV mass/ tibia length (g/mm) 0.0109 6 0.0004 0.0125 6 0.0004 0.008
LV BNP gene expression (normalized 
vs. sham)

1.0 6 0.1 5.8 6 0.7 < 0.001

Abbreviations/ methods:
LV: left ventricle, RV: right ventricle, BNP: B-type natriuretic peptide.
LV gene expression was measured with quantitative real-time PCR.

Table 2. Association between chromogranin B and B-type natriuretic peptide gene expression in the 
myocardium and animal lung weights.

In the non-infarcted part of the left ventricle, CgB gene expression was more closely associated with severity of heart 
failure, as evaluated by animal lung weights, than what was found for BNP gene expression; CgB gene expression 
explaining 62 % of the variance in animal lung weights (r2) vs. BNP gene expression explaining only 41 %. Combining 
CgB and BNP gene expression in a multivariable model added limited information to a model with CgB alone, increasing 
r2 from 0.62 to 0.70 with the largest contribution provided by CgB (β, CgB= 0.62 vs. β, BNP= 0.33). Gene expression 
was measured by qRT-PCR and is presented as change vs. the sham group 6 SEM.

Univariate linear regression, animal lung weight as dependent variable

B (SE) p β r2

CgB 0.028 (0.006) < 0.001 0.79 0.62

BNP 0.021 (0.006) 0.006 0.64 0.41

Multivariate linear regression, animal lung weight as dependent variable

B (SE) p β r2

CgB 0.022 (0.006) 0.003 0.62 0.70

BNP 0.010 (0.005) 0.08 0.33

Table 3. Baseline characteristics of the heart failure patients and the control subjects.
There were no significant differences between the heart failure patients and the control group regarding age and 
gender. The heart failure patients were treated according to updated guidelines with almost all receiving treatment 
with both a β-blocker and a blocker of the renin-angiotensin-aldosterone axis, a high proportion treated with statins, 
warfarin, ASA and an aldosterone antagonist, and 18 % treated with cardiac resynchronization therapy.

Heart failure patients 
(N= 80)

Control group (N= 20) p

Male sex (no, %) 64(80%) 16 (80 %) NS

Age (mean 6 SEM) 64.1 6 1.4 60.6 6 1.1 NS

NYHA class (no, %)
II 54 (67 %)

III 18(23%)
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(continued)

There were no significant differences between the heart failure patients and the control group regarding age and 
gender. The heart failure patients were treated according to updated guidelines with almost all receiving treatment 
with both a β-blocker and a blocker of the renin-angiotensin-aldosterone axis, a high proportion treated with statins, 
warfarin, ASA and an aldosterone antagonist, and 18 % treated with cardiac resynchronization therapy.

Heart failure patients 
(N= 80)

Control group (N= 20) p

IV 8(10%)

Etiology for CHF (no, %)
Ischemic 48 (60 %)

Dilated cardiomyopathy 27 (34 %)
Other 5 (6 %)

Duration of CHF, months (median, 
25th-75th percentile)

18 (7-36)

LVEF, % (mean 6 SEM) 33 6 1

Medication (no, %)
β-blocker 79 (99 %)

ACEI 58 (73 %)
ARB 21 (26 %)

ACEI or ARB 79 (99 %)
Diuretics 64 (80 %)

Statin 48 (60 %)
Warfarin 47 (59 %)

ASA 43 (54 %)
Klopidogrel 9 (11 %)

Aldosterone antagonist 16 (20 %)
Digitalis 30 (38 %)

Amiodarone 10 (13 %)
Nitrate 10 (13 %)

PPI 11 (14 %)

CRT 14 (18 %)
ICD 14 (18 %)

Abbreviations:
LVEF= left ventricular ejection fraction, ACEI= angiotensin II converting enzyme inhibitor, ARB= angiotensin type II
receptor inhibitor, ASA= acetyl salicylic acid, PPI= proton pump inhibitor, CRT= cardiac resynchronization therapy,
ICD= implantable cardioverter-defibrillator

Table 4. Baseline characteristics of patients in compensated and decompensated heart failure.
Patients in decompensated heart failure were older, had more severe CHF as evaluated by NYHA class and LVEF, 
and a higher proportion were being treated with a cardiac resynchronization therapy, digitalis and ACEIs (but no 
difference in combined ACEI/ ARB medication), also the use of diuretics and nitrate was of borderline difference.

Compensated CHF (N= 
70)

Decompensated CHF (N=10) p

Male sex (no, %) 57 (81 %) 7 (70 %) 0.40

Age (mean 6 SEM) 62.7 6 1.5 73.5 6 2.4 0.01

NYHA class (no, %) < 0.001
II 54 (77 %) 0(0%)

III 15(22%) 3 (30 %)
IV 1 (1 %) 7 (70 %)
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Example 2. SgII expression is significantly increased in experimental and clinical heart failure

A. Materials and Methods

[0184] These are as described in Example 1, except where indicated below.

Quantitative real time polymerase chain reaction (qRT-PCR)

[0185] Total RNA from the myocardium of 9 CHF mice and 8 sham operated mice was extracted by the use of the SV
Total RNA Isolation System (Promega Corporation, WI, USA) according to the protocol. Tissue (20-35 mg) from the
non-infarcted region of the left ventricle was used for RNA extraction. Homogenization was performed with the Mixer
Mill MM 300 system (RETSCH, Haan, Germany) after adding 1.75 ml lyses buffer and a 5 mm stainless steel bead
(Qiagen, Hilden, Germany) to the samples. RNA concentration was measured with the NanoDrop system (NanoDrop
Technologies, Wilmington, DE, USA) and RNA quality evaluated with the Agilent BioAnalyzer 2100 (Agilent Technologies
Inc., Santa Clara, CA, USA). cDNA was produced from 5 mg RNA with the High-Capacity cDNA Archive kit (Applied
Biosystems, Foster City, CA, USA); the GeneAmp PCR system 9700 thermal cycler (Applied Biosystems) was used for
the reverse transcription. Gene expression was measured by qRT-PCR detected on a 7900 HT Real-Time PCR System
(Applied Biosystems) with pre-made TaqMan Gene Expression assays from Applied Biosystems: SgII
(Mm00843883_s1), BNP (Mm00435304_g1), ribosomal protein L4 (Rpl4) (Mm00834993_gl). Rpl4 served as an internal
control. The reference curve for SgII was plotted from neonatal mouse brain tissue, while myocardial tissue was used
for plotting BNP and RPL reference curves. Gene expression is presented as change from the mean in the sham group

(continued)

Patients in decompensated heart failure were older, had more severe CHF as evaluated by NYHA class and LVEF, 
and a higher proportion were being treated with a cardiac resynchronization therapy, digitalis and ACEIs (but no 
difference in combined ACEI/ ARB medication), also the use of diuretics and nitrate was of borderline difference.

Compensated CHF (N= 
70)

Decompensated CHF (N=10) p

Etiology for CHF (no, %) 0.67
Ischemic 39 (56 %) 8 (80 %)

Dilated cardiomyopathy 25 (36 %) 2 (20 %)

Other 6 (8 %) 0 (0 %)

Duration of CHF, months 
(median, 25th-75th percentile)

18(11-36) 18(6-62) 0.76

LVEF, % (mean 6 SEM) 34 6 1 26 6 3 0.01

Medication (no, %)
β-blocker 69 (99 %) 10(100 %) 0.70

ACEI 48 (69 %) 10 (100 %) 0.04
ARB 21 (30 %) 0 (0 %) 0.04

ACEI or ARB 69 (99 %) 10 (100 %) 0.70
Diuretics 54 (77 %) 10 (100 %) 0.09

Statin 44 (63 %) 4 (40 %) 0.17
Warfarin 40 (57 %) 7 (70 %) 0.44

ASA 38 (54 %) 5 (50 %) 0.80
Klopidogrel 8 (11 %) 1 (10 %) 0.89

Aldosterone antagonist 14 (20 %) 2 (20 %) 1.00

Digitalis 22 (31 %) 8 (80 %) 0.003
Amiodarone 8 (11 %) 2 (20 %) 0.44

Nitrate 7 (10 %) 3 (30 %) 0.07
PPI 9 (13 %) 2 (20 %) 0.54

CRT 10 (14 %) 4 (40 %) 0.05

ICD 12 (17 %) 2 (20 %) 0.82



EP 2 342 570 B1

28

5

10

15

20

25

30

35

40

45

50

55

(normalized vs. sham). All samples were run in triplicate.

Radioimmunoassay

[0186] Circulating and tissue SgII levels were measured with an in-house made SgII154-165 region-specific radioim-
munoassay as previously described (Stridsberg et al., 1998, Regulatory Peptides:148, 95-98). No samples had SgII
levels below the detection limit of the system (<2 fmol/ tube). All samples were assayed in duplicates and total assay
variation was <7 %.
[0187] Circulating CgB levels were measured by an in-house made region-specific CgB radioimmunoassay detecting
CgB439-451 as previously reported (Stridsberg et al., 1995, supra), and CgA levels were measured by a commercial
radioimmunoassay identifying CgA116-439 (Euro-Diagnostica AB, Malmö, Sweden).

Immunohistochemistry

[0188] Mouse myocardial sections were stained using purified polyclonal rabbit anti-human CgA (Sc-13090, Santa
Cruz Biotechnology, CA, USA), affinity-purified polyclonal goat anti-human CgB (Sc-1489, Santa Cruz), and polyclonal
rabbit anti-human SgII172-186. The primary antibodies were followed by biotinylated anti-rabbit or anti-goat IgG (Vector
Laboratories, Burlingame, CA). The immunoreactivities were further amplified using avidin-biotin-peroxidase complexes
(Vectastain Elite kit, Vector Laboratories). Diaminobenzidine was used as the chromogen in a commercial metal enhanced
system (Pierce Chemical, Rockford, IL). The sections were counter-stained with hematoxylin. CNS and carcinoid tumor
tissue served as positive control tissue. Omission of the primary antibody or use of non-immune rabbit serum served as
negative controls.

Isolation of neonatal cardiomyocytes and cell culture experiments

[0189] Neonatal rat cardiomyocytes were isolated from neonatal (1-3 days) Wistar rats (Taconic, Skensved, Denmark)
as previously reported. After 24 hours starvation, the cardiomyocytes were stimulated for 24 hours with the following
agents; Forskolin [1 and 10 mM], norepinephrine [100 mM], endothelin [77 ng/ml] and angiotensin II [1 mM] (all Sigma,
Europe), tumor necrosis factor-α (TNF-α) [10 ng/ml] (BioSource International Camarillo, CA, USA), interleukin-1β (IL-
1β) [10 ng/ml], monocyte chemoattractant protein-1 (MCP-1) [200 ng/ml], transforming growth factor-β (TGF-β) [10 ng/ml]
(all R&D Systems, Minneapolis, MN, USA), and a C-terminal CgB peptide - CgB312-323 and secretoneurin [1, 10 and
100 ng/ml] (053-20, 047-95, Phoenix Pharmaceuticals, Burlingame, CA, USA).
[0190] Total RNA was isolated from neonatal rat cardiomyocytes according to the protocol (RNeasy mini kit, Qiagen,
Valencia, CA, USA). Along with lysis buffer, the Mixer Mill 300 System (RETSCH, Haan, Germany) and stainless steel
beads (Qiagen, Hilden, Germany) were used for mechanical disruption of the cells. RNA concentrations and quality
were assessed as earlier described with the NanoDrop system and an Agilent BioAnalyzer 2100. Reverse transcription
reactions were performed with iScript Select cDNA Synthesis Kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Gene
expression was determined by qRT-PCR with pre-made TaqMan Gene Expression Assays from Applied Biosystems:
SgII (Rn01400686_g1), CgB (Rn01514853_m1), BNP (Rn0058.0641_m1), Rpl4 (Rn00821091_g1). Gene expression
in stimulated cells is presented as change vs. gene expression in PBS stimulated cells (normalized vs. control). All
samples were run in triplicate and Rpl4 gene expression was used as an internal control.

B. Results

Characteristics of animals

[0191] There was no difference in body weight between animals in the CHF group (N= 35) and the sham group (N=
29) at baseline (Table 1). One week post-MI, CHF animals had lung weights twice as high as sham animals, and
significantly increased left ventricular mass and right ventricular mass (Table 1), confirming that the CHF animals were
indeed in heart failure with ongoing myocardial remodeling. Moreover, CHF animals had clearly increased myocardial
BNP production (Table 1).

Myocardial SgII gene expression in experimental heart failure

[0192] SgII gene expression was highly upregulated in the non-infarcted myocardium of heart failure animals compared
to sham animals (11.5 times upregulated, p< 0.001), which was more upregulated than what was the case for BNP gene
expression (5.8 times upregulated vs. sham, p< 0.001, Figure 15). SgII gene expression was closely correlated with
severity of heart failure as evaluated by animal lung weights (r= 0.76, p< 0.001, Figure 16A), and myocardial remodeling
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evaluated by left ventricular mass (r= 0.66, p= 0.006, Figure 16B). Moreover, SgII gene expression was closely correlated
with CgB (Figure 17B) and BNP (Figure 17A) gene expression.
[0193] We found no change in gene expression between non-operated control animals and animals in the sham group,
and Rp14 gene expression was unchanged for all experiments.

Myocardial SgII protein levels in experimental heart failure

[0194] Protein levels of SgII were clearly increased in the non-infarcted part of the left ventricle in CHF animals
compared to myocardial tissue from sham animals (0.63 6 0.12 vs. 0.47 6 0.09 fmol/mg protein, p= 0.006, Figure 18),
and closely correlated with severity of heart failure as evaluated by animal lung weights (r= 0.55, p= 0.018, Figure 19A),
and left ventricular remodeling evaluated by left ventricular mass (r= 0.58, p= 0.012, Figure 19B). Furthermore, SgII
levels were also increased in the infarcted part of the left ventricle in heart failure animals compared to normal myocardial
tissue (0.67 6 0.03 vs. 0.36 6 0.01 fmol/mg protein, p< 0.001, Figure 20), with SgII levels from this part also closely
correlated with animal lung weights (r= 0.71, p= 0.001, Figure 21A) and left ventricular mass (r= 0.74, p= 0.001, Figure
21B).
[0195] Similar to what has been reported in Example 1 for CgB, no increase in SgII levels during heart failure devel-
opment were found in any other tissue investigated (which included right ventricle, lung, spleen, liver, kidney, stomach,
colon and skeletal muscle, data not shown). SgII levels were also unchanged between non-operated animals and sham
animals.

Cellular localization of myocardial SgII production in experimental heart failure

[0196] As shown in Figure 22 (which shows the results of an immunohistochemistry analysis), fairly strong SgII im-
munostaining was found in cardiomyocytes in non-infarcted myocardial tissue, whereas weaker staining was observed
in the infarcted region. Similar immunostaining was found for CgA and CgB (data not shown).
[0197] Immunostaining was confirmed in positive control sections of CNS or carcinoid tumor tissue. No or very weak
staining was seen in the negative control sections stained with omission of the primary antibody or use of non-immune
antiserum, respectively. Figure 22 shows that the only cells producing SgII in the myocardium are cardiomyocytes,
indicating that SgII is a myocardium- and cardiomyocyte-regulated protein during heart failure development.

Regulation of SgII expression in neonatal cardiomyocytes

[0198] SgII gene expression was significantly upregulated in vitro by transforming growth factor-P (TGF-β) with an 85
% increase and norepinephrine (NA) with a 55 % increase (Figure 23). In contrast, no significant change in SgII gene
expression was found after stimulating cells with angiotensin II (AT II), monocyte chemoattractant protein-1 (MCP-1),
endothelin, tumor necrosis factor-α, interleukin-1β, CgB or SgII. Forskolin, serving as a positive control as forskolin is
known to upregulate SgII gene expression, also increased SgII production by 40 % (Figure 23).
[0199] For the purpose of comparison, CgB and BNP gene expression were investigated, with NA and TGF-β found
to be potent agents for upregulating all three genes (SgII results are shown in Figure 23. CgB and BNP results are shown
in Figure 8A and Figure 8B, respectively). Stimulating cells with SgII (secretoneurin) at various concentrations did not
affect SgII, CgB or BNP gene expression. Likewise, no effect on SgII gene expression was noted after stimulating
cardiomyocytes with CgB312-323. SgII, CgB and BNP gene expression were stable in cells stimulated with PBS only,
and Rpl4 gene expression was unchanged for all experiments.

Circulating levels of secretogranin II in heart failure

Baseline characteristics of human heart failure patients and control subjects

[0200] There was no difference regarding gender for the heart failure patients and the control group (Table 3). Patients
in decompensated heart failure were older than patients in compensated heart failure (73.5 6 2.4 vs. 62.7 6 1.5 years,
p= 0.01), and the control subjects (73.5 6 2.4 vs. 60.6 6 1.1 years, p< 0.001), while there was no significant difference
in age between compensated heart failure patients and control subjects (62.7 6 1.5 vs. 60.6 6 1.1 years, p= 0.12, Tables
3 and 4).
[0201] Evaluating the CHF group as a whole, patients were mainly in stable condition with 67 % in NYHA class II, 18
months median duration of heart failure symptoms, and a mean left ventricular ejection fraction (LVEF) of 33 % (Table
3). The patients with decompensated heart failure had more severe heart failure as evaluated by NYHA class and LVEF
compared to the other heart failure patients, but similar duration of heart failure symptoms (Table 4).
[0202] Patients were treated according to updated guidelines for heart failure treatment with almost all patients receiving
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both a β-blocker and a blocker of the renin-angiotensin-aldosterone axis, and a high proportion treated with statins,
warfarin, and aspirin (Table 3). Additionally, 18 % of the patients were being treated with cardiac resynchronization
therapy (CRT). Comparing patients in decompensated heart failure to patients in compensated heart failure, more
patients in the decompensated group were being treated with digitalis and CRT, and there was a trend towards more
diuretics and nitrate use (Table 4). PPI use was similar in patients with compensated and decompensated heart failure
(Table 4), in total 11 (14 %) of the heart failure patients were using PPIs (Table 3).

Circulating levels of secretogranin II in heart failure patients

[0203] Circulating SgII levels were clearly increased in heart failure patients compared to control subjects (0.17 6
0.01 vs. 0.12 6 0.01 nmol/L, p< 0.001, Figure 24A). Moreover, SgII levels increased in proportion to the severity of heart
failure as evaluated by NYHA functional class; control group: 0.12 6 0.01, NYHA class II: 0.17 6 0.01, NYHA class III:
0.19 6 0.01, NYHA class IV: 0.19 6 0.02 nmol/L; Test for trend: p< 0.001, Figure 24B). There was no difference in
circulating SgII levels between patients with compensated and decompensated heart failure (Figure 25), however, due
to the relatively low number of patients with decompensated heart failure, the study had limited statistical power to detect
such differences. PPI use was not associated with increased circulating SgII levels (PPI users vs. non-users; 0.17 6
0.01 vs. 0.17 6 0.01, p= 0.76, Figure 26), in contrast, PPI use clearly increased circulating CgA levels (PPI users vs.
non-users: 15.89 6 4.18 vs. 6.09 6 0.37 nmol/L, p= 0.007, Figure 12). We found no significant difference in circulating
SgII levels between patients with heart failure due to ischemic etiology and patients diagnosed with dilated cardiomyopathy
(0.18 6 0.01 vs. 0.16 6 0.01 nmol/L, p= 0.29). Gender did not affect circulating SgII levels with similar levels found for
male and female heart failure patients (0.17 6 0.01 vs. 0.18 6 0.01, p= 0.46), and male and female control subjects
(0.12 6 0.01 vs. 0.13 6 0.01, p= 0.39).
[0204] Circulating levels of SgII and CgA correlated modestly (r= 0.27, p= 0.006), indicating that these proteins maybe
regulated differently during heart failure development. Evaluating the accuracy of circulating SgII levels for diagnosing
heart failure, SgII discriminated well between heart failure patients and control subjects (AUC= 0.84, p= 0.0001, Figure
27), and was clearly superior to CgA (AUC = 0.61, Figure 28).

C. Discussion

[0205] In the present study, we report upregulated SgII gene expression and protein levels in the left ventricle during
heart failure development, while no change was found for SgII production in other tissues investigated. Moreover, SgII
production was only found in cardiomyocytes, suggesting that SgII is a myocardium- and cardiomyocyte-regulated protein
during heart failure development. Supporting the notion of myocardial regulation, SgII production was closely associated
with the severity of heart failure as evaluated by animal lung weights, and myocardial remodeling as evaluated by left
ventricle mass, in both the non-infarcted and infarcted part of the left ventricle. Furthermore, both TGF-β and NA increased
SgII gene expression in cardiomyocytes, linking SgII production in the myocardium to inflammatory and remodeling
pathways, and the β-adrenergic system. Supplementing these findings, circulating SgII levels were also clearly increased
in heart failure patients, and increased in proportion to the severity of heart failure as evaluated by NYHA functional
class. Like CgB, circulating SgII levels were unaffected by gender and the use of PPIs, the latter in contrast to circulating
CgA levels that were clearly increased in PPI users. Circulating SgII levels were only modestly correlated with CgA,
indicating that these proteins may be regulated differently during heart failure development. Comparing the accuracy of
circulating SgII with levels of CgA for diagnosing heart failure, SgII was clearly superior. SgII thus seems to be a
myocardium- and cardiomyocyte-regulated protein during heart failure development, with circulating SgII levels repre-
senting a very interesting new cardiac specific biomarker for heart failure patients.

Example 3. Levels of SgII and CgB in blood and saliva are increased in patients with Catecholaminergic Poly-
morphic Ventricular Tachycardia

[0206] Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT) is a prototypical example of a calcium asso-
ciated heart disease and is a heritable form of arrhythmogenic disorder characterized by exercise- or emotional-induced
polymorphic ventricular tachycardia in the absence of detectable structural heart disease. CPVT is a highly malignant
disorder, also in individuals of young age. Diagnosis is currently based on identification of patients by a typical patient
history with stress-induced syncope, or a history of sudden death in the family, and confirmation of the diagnosis by
molecular genetic screening of the genes encoding the cardiac ryanodine receptor type 2 (RyR 2) and calsequestrin.
However, as symptoms may vary and sudden cardiac death may be the first manifestation, novel markers for identification
and diagnosis in CPVT are needed. This study aims to assess whether measurement of SgII and CgB in blood or saliva
are associated with, and indicative of CPVT.
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Methods

Characteristics of the CPVT patients and the control group

[0207] For biomarker measurement six patients with a diagnosis of CPVT that previously had been confirmed by
genetic testing were compared to six age- and gender-matched control subjects. The patients have a mutation in exon
46 of the RyR type 2, and the mutation is classified as G2337V. All CPVT patients have previously been found to have
normal myocardial function and status as evaluated by echocardiography, angiography, and the standard cardiac bi-
omarkers natriuretic peptides and cardiac specific troponins. Two of the CPVT patients were classified as having un-
specific pathological findings on cardiac MRI, whereas the other patients had normal cardiac MRI.
[0208] The control group for the exercise test was age- and gender-matched to the six CPVT patients. The control
subjects were not using any medication on a regular basis, had no history of cardiac disease, and no symptoms or
clinical findings that could be related to cardiac disease.

Exercise stress protocol

[0209] All individuals performed a bicycle exercise stress-test after baseline blood and saliva sampling. For the stress
test a ramp-protocol was applied starting at 100 W and increasing in increments of 50 W every four minutes. Patients
continued the test to exhaustion as measured by >18 points on the Borg scale. All patients were continuously monitored
by ECG during the test, and blood pressure was recorded at three minutes intervals.

Laboratory analysis

[0210] Blood sampling was performed prior to and immediately after the stress test, while sampling for saliva was
performed prior to the stress test. SgII levels were measured by an in-house made radioimmunoassay with the epitope
in the secretoneurin (SN)-fragment (SgII154-165) as previously described (Stridsberg et al., 1998, Regulatory Peptides:
148, 95-98), while CgB was measured with an in-house made radioimmunoassay detecting CgB439-451 as previously
described (Stridsberg et al., 2005, Regulatory Peptides: 125, 193-199). For comparison and measurement of exercise
effort, circulating norepinephrine and epinephrine were determined by HPLC.

Statistical analysis

Biomarker values were analysed using the Mann-Whitney U test and the Wilcoxon Signed Ranks Test for serial data. 
Data are presented as mean 6 SEM. P-values <0.05 are considered significant.

Results

[0211] Compliance to the work protocol of the exercise stress test was good with all patients exercising till >18 on the
Borg scale before stopping. The ECG recordings in the control group were normal as evaluated by a cardiologist blinded
to biomarker levels, while some ventricular ectopic beats were recorded in the CPVT patients, including some coupled
ventricular beats. There were no serious arrhythmias recorded during the study.
[0212] SgII levels at baseline indicated higher circulating levels in patients with CPVT than in the healthy control
subjects (0.159 6 0.008 vs. 0.132 6 0.013 nmol/L, p=0.065) (Figure 29A). Furthermore, the increase in circulating SgII
levels during the stress test was more pronounced in the patients with CPVT than in the control group, thus resulting in
increased post-exercise SgII levels in CPVT patients compared to the control subjects (0.168 6 0.008 vs. 0.134 6 0.008
nmol/L, p=0.015) (Figure 29A). Similarly, baseline circulating CgB levels were elevated in CPVT patients compared to
the control group (1.39 6 0.09 vs. 0.97 6 0.07 nmol/L, p=0.02), and of borderline significance after the exercise (1.56
6 0.06 vs. 1.35 6 0.08 nmol/L, p=0.08) (Figure 29B). In contrast, we found no significant difference in epinephrine (E)
or norepinephrine (NE) levels at baseline (CPVT patients vs. control group: E: 480 6 33 vs. 559 6 48 pmol/L, p=0.24;
NE: 2825 6 681 vs. 2274 6 217 pmol/L, p=0.82), or after the stress test (E: 700 6 37 vs. 819 6 73 pmol/L, p=0.24; NE:
6922 6 913 vs. 6888 6 217, p=0.94), reflecting that circulating biomarkers in general are not increased in CPVT patients.
Catecholamine levels were significantly increased by the stress test (p<0.001 for both vs. baseline levels), reflecting the
strenuous work protocol of our study.
[0213] Salivary SgII and CgB levels were also increased in patients with CPVT compared to the control group: SgII:
0.078 6 0.020 vs. 0.024 6 0.010 nmol/L, p=0.04; and CgB: 1.12 6 0.26 vs. 0.23 6 0.13 nmol/L, p=0.02 (Figure 29C
and Figure 29D).
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Conclusion

[0214] Circulating and salivary levels of SgII and CgB are elevated in patients with CPVT. As the patients have normal
myocardial function, except for a mutation in the RyR, it seems circulating and salivary SgII and CgB represent new and
interesting cardiac biomarkers associated with, and indicative of, calcium related disorders, and more specifically CPVT.
Interestingly, the catecholamines are not regulated in patients with CPVT, even though of major pathophysiological
importance in CPVT, reflecting the novelty of our data and clinical relevance.

Example 4. SgII and CgB levels in blood and saliva are increased in patients hospitalized with chest pain and 
ischemic heart disease compared to patients with chest pain and no heart disease

Introduction

[0215] It is of interest to evaluate novel markers of cardiac risk in different subgroups of patients with cardiac disease.
As indicated in the other examples herein, we have found circulating chromogranin B (CgB) and secretogranin II (SgII)
increased in patients with heart failure (HF) and in CPVT, a prototypical calcium-mediated disorder, indicating that these
proteins may be novel cardiac biomarkers with potential for widespread clinical use. Accordingly, we wanted to measure
SgII and CgB levels in a small cohort of patients hospitalized with chest pain and suspected ischemic heart disease
(IHD) to look for a trend in biomarker levels.

Methods

Patient inclusion

[0216] Patients selected for this study were the first 14 patients included in a larger study currently recruiting patients
admitted with chest pain and suspected IHD at Akershus University Hospital, a Scandinavian teaching hospital with a
catchment area of approximately 350 000 individuals. Patients were prospectively recruited among undifferentiated
patients referred to the Emergency Department with chest pain as the primary symptom.

Blood and saliva sampling

[0217] Blood and saliva sampling was performed <24 hours from admittance to the hospital. SgII levels were measured
with an in-house made radioimmunoassay detecting SgII154-165 as previously described (Stridsberg et al., 1998, Reg-
ulatory Peptides: 148, 95-98), while CgB was measured with an in-house made radioimmunoassay detecting CgB439-451
as previously described (Stridsberg et al., 2005, Regulatory Peptides: 125, 193-199). Saliva samples were available in
eight patients (five patients classified with IHD, three patients without IHD).

Classification of patients

[0218] Patients were classified according to journal notes and the final diagnosis of the treating physician according
to the International Classifications of Diseases, 10th revision, World Health Organization. Patients suffering from IHD
either had a history of IHD or debut of IHD during the index hospitalization. In contrast, patients classified as not having
IHD had no history of IHD and non-cardiac chest pain during the index hospitalization.

Statistical analysis

[0219] This is a preliminary study with limited statistical power, thus not permitting evaluation of p-values for statistical
significance. Data is presented as mean 6 SEM.

Results

Patient diagnosis

[0220] Eleven patients were classified as suffering from IHD: 4 patients diagnosed with non-ST elevation myocardial
infarction, which is the most common subtype of myocardial infarctions, 4 patients with increasing anginal chest pain,
and 3 patients with a history of IHD. Of the three patients classified as not suffering from IHD, two patients were diagnosed
with upper gastrointestinal problems and one patient with pneumonia as the cause for the index hospitalization.
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Circulating SgII and CgB levels are higher in chestpain patients with IHD compared to patients with non-cardiac 
chest pain

[0221] SgII levels in the blood were higher in the patients with chest pain and IHD compared to the patients with non-
cardiac chest pain: 0.156 6 0.013 vs. 0.127 6 0.012 nmol/L (Figure 30A). Similarly, circulating CgB levels were higher
in IHD patients vs. patients with non-cardiac chest pain (No IHD results) (1.17 6 0.11 vs. 0.95 6 0.01 nmol/L) (Figure 30B).

Salivary SgII and CgB levels are higher in chest pain patients with IHD compared to patients with non-cardiac 
chest pain

[0222] SgII and CgB levels were also increased in the saliva of patients with chest pain and IHD compared to patients
hospitalized with chest pain, but no diagnosis of IHD: SgII: 0.058 6 0.008 vs. 0.022 6 0.004 nmol/L (Figure 30C); and
CgB: 0.664 6 0.109 vs. 0.087 6 0.055 nmol/L (Figure 30D).

Conclusion

[0223] In this small, preliminary study SgII and CgB levels in blood and saliva were higher in patients with chest pain
and IHD compared to the patients with chest pain and no cardiac disease. SgII and CgB measured in the blood or saliva
may thus have a role as a biomarker evaluating patients with chest pain, and also for risk assessment and monitoring
of patients with IHD. Furthermore, these results demonstrate that modified levels of granins in heart disease patients
can be measured in saliva samples as well as blood samples. Saliva samples are thus a potential alternative to blood
samples in the methods of the invention described herein.

Claims

1. An in vitro method of diagnosing heart disease in a subject, said method comprising determining the level of secre-
togranin II, or fragments thereof, in a body fluid of said subject, wherein said secretogranin II fragments are secre-
toneurin (SN), or fragments containing the secretogranin II epitope corresponding to amino acid residues 154-165
or 172-186 of secretogranin II.

2. The method of claim 1, wherein an increased level of secretogranin II, or fragments thereof, in said body fluid of
said subject is indicative of heart disease, preferably the level of secretogranin II, or fragments thereof, in said subject
is compared to a control level and/or preferably serial determinations of the level of secretogranin II, or fragments
thereof, are made.

3. The method of claim 1 or claim 2, further comprising determining the level of one or more other biomarkers associated
with heart disease, preferably the other biomarkers are selected from the group consisting of chromogranin B,
cardiac specific troponins such as TnI and TnT, natriuretic peptides such as ANP, BNP and NT-proBNP, other
biomarkers secreted secondary to cardiomyocyte strain/stress such as ST2 and pro-adrenomedullin, markers of
inflammation such as C-reactive protein (CRP) and various cytokines/ chemokines, extracellular remodelling markers
such as the MMPs and TIMPs, other non-troponin necrosis/apoptosis markers such as heart-type fatty acid protein,
markers of neuroendocrine activity such as the catecholamines, aldosterone, angiotensin II and the granin CgA,
and markers of oxidative stress such as myeloperoxidase.

4. The method of claim 3, wherein levels of at least chromogranin B and secretogranin II are determined, or levels of
at least secretogranin II and natriuretic peptides are determined, or levels of at least chromogranin B, secretogranin
II and natriuretic peptides are determined, preferably one or more cardiac specific troponins and/or one or more
markers of the inflammatory response are also measured.

5. The method of any one of claims 1 to 4, wherein said body fluid is a circulatory fluid, urine or saliva.

6. The method of any one of claims 1 to 5, wherein said heart disease is selected from the group consisting of heart
failure, pre-clinical heart disease, acute coronary syndromes, diseases which involve hypertrophy of cells of the
heart (cardiac hypertrophy) such as left ventricular hypertrophy, ischemic heart disease and cardiomyopathies,
calcium mediated heart diseases such as heart diseases associated with dysregulated or otherwise dysfunctional
Ca2+ signalling or function, acute myocardial ischemia, myocardial hypertrophy, heart failure development, arrhyth-
mias and tachycardias such as CPVT or other ventricular tachycardias, and sudden cardiac death, preferably said
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heart disease is heart failure, ischemic heart disease, cardiomyopathy or CPVT.

7. The method of any one of claims 1 to 6, wherein an increase in level of ≥ 10% compared to a control level is indicative
of heart disease, or wherein said body fluid is a circulatory fluid and wherein a level of secretogranin II, or fragment
thereof, of at least 0.145 nmol/L is indicative of heart disease, or wherein said body fluid is saliva and wherein a
level of secretogranin II, or fragment thereof, of at least 0.040 nmol/L is indicative of heart disease.

8. An in vitro method of determining the clinical severity of heart disease or a method for the prognosis of heart disease
in a subject, said method comprising determining the level of secretogranin II, or fragments thereof, in a body fluid
of said subject, wherein said secretogranin II fragments are secretoneurin (SN), or fragments containing the secre-
togranin II epitope corresponding to amino acid residues 154-165 or 172-186 of secretogranin II.

9. The method of claim 8, wherein features of said method are as defined in any one of claims 2 to 6.

10. The method of claim 8 or claim 9, wherein said body fluid is a circulatory fluid and wherein a level of secretogranin
II, or fragment thereof, of at least 0.180 nmol/L is indicative of severe disease or poor prognosis.

11. An entity which has the ability to bind to secretogranin II or fragments thereof, for use in the in vivo diagnosis of
heart disease in a subject which has heart disease or which potentially has heart disease, comprising the adminis-
tration of an appropriate amount of an entity which has the ability to bind to secretogranin II or fragments thereof,
to the subject and detecting by imaging the presence and/or amount and/or the location of said entity in the subject,
wherein said secretogranin II fragments are secretoneurin (SN), or fragments containing the secretogranin II epitope
corresponding to amino acid residues 154-165 or 172-186 of secretogranin II.

12. A method of testing the therapeutic potential of a substance for the treatment of heart disease, comprising admin-
istering a test substance to a non-human experimental animal suffering from heart disease and determining the
level of secretogranin II, or fragments thereof, in said animal, preferably a decrease or lowering of secretogranin II
levels is indicative of a test substance with therapeutic potential, wherein said secretogranin II fragments are se-
cretoneurin (SN), or fragments containing the secretogranin II epitope corresponding to amino acid residues 154-165
or 172-186 of secretogranin II.

13. An in vitro method for identifying an activated pathophysiological axis in a subject with heart disease, for identifying
a subject with heart disease requiring more intensive monitoring, or for identifying a subject with heart disease which
might benefit from early therapeutic intervention, said method comprising determining the level of secretogranin II,
or fragments thereof, in a body fluid of said subject, wherein said secretogranin II fragments are secretoneurin (SN),
or fragments containing the secretogranin II epitope corresponding to amino acid residues 154-165 or 172-186 of
secretogranin II.

14. The method of claim 13, wherein features of said method are as defined in any one of claims 2 to 7 or claim 10.

15. An in vitro method for monitoring the progress or severity of heart disease, for assessing the effectiveness of heart
disease therapy, for monitoring the progress of heart disease therapy, or for monitoring a healthy individual, said
method comprising determining the level of secretogranin II, or fragments thereof, in a body fluid of said subject,
preferably wherein an increase in the level of secretogranin II, or fragments thereof, is indicative of progression or
increased severity of heart disease or early signs of development of heart disease, or wherein a decrease in the
level of secretogranin II, or fragments thereof, is indicative of improvement or reduced progression, wherein said
secretogranin II fragments are secretoneurin (SN), or fragments containing the secretogranin II epitope correspond-
ing to amino acid residues 154-165 or 172-186 of secretogranin II.

16. The method of claim 15, wherein the level of secretogranin II, or fragments thereof, in said subject is compared to
a control level and/or serial determinations of the level of secretogranin II, or fragments thereof, are made and/or
the features of said method are as defined in any one of claims 3 to 7 or claim 10.

Patentansprüche

1. In-Vitro-Verfahren zum Diagnostizieren einer Herzerkrankung bei einem Subjekt, wobei das Verfahren das Bestim-
men des Levels von Secretogranin II, oder Fragmenten davon, in einer Körperflüssigkeit des Subjektes umfasst,
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wobei die Secretogranin II-Fragmente Secretoneurin (SN) oder Fragmente, die das Secretogranin II-Epitop, das
den Aminosäureresten 154-165 oder 172-186 von Secretogranin II entspricht, enthalten, sind.

2. Verfahren nach Anspruch 1, wobei ein erhöhtes Level von Secretogranin II, oder Fragmenten davon, in der Kör-
perflüssigkeit des Subjektes indikativ für eine Herzerkrankung ist, wobei das Level von Secretogranin II, oder Frag-
menten davon, bei dem Subjekt vorzugsweise mit einem Kontrolllevel verglichen wird und/oder vorzugsweise serielle
Bestimmungen des Levels von Secretogranin II, oder Fragmenten davon, vorgenommen werden.

3. Verfahren nach Anspruch 1 oder 2, welches ferner das Bestimmen des Levels von einem oder mehreren anderen
Biomarkern im Zusammenhang mit einer Herzerkrankung umfasst, wobei die anderen Biomarker vorzugsweise
ausgewählt sind aus der Gruppe bestehend aus Chromogranin B, herzspezifischen Troponinen, wie z.B. TnI und
TnT, natriuretischen Peptiden, wie z.B. ANP, BNP und NT-proBNP, anderen Biomarkern, die sekundär zu Kardio-
myozyten-Beanspruchung/-Stress sekretiert werden, wie z.B. ST2 und Pro-Adrenomedullin, Entzündungsmarkern,
wie z.B. C-reaktives Protein (CRP) und verschiedene Zytokine/Chemokine, extrazellulären Umbaumarkern, wie
z.B. die MMPs und TIMPs, anderen Nicht-Troponin-Nekrose-/Apoptose-Markern, wie z.B. kardiales Fettsäurepro-
tein, Markern der neuroendokrinen Aktivität, wie z.B. die Catecholamine, Aldosteron, Angiotensin II und das Granin
CgA, und Markern von oxidativem Stress, wie z.B. Myeloperoxidase.

4. Verfahren nach Anspruch 3, wobei zumindest die Level von Chromogranin B und Secretogranin II bestimmt werden
oder zumindest die Level von Secretogranin II und natriuretischen Peptiden bestimmt werden oder zumindest die
Level von Chromogranin B, Secretogranin II und natriuretischen Peptiden bestimmt werden, wobei vorzugsweise
auch ein oder mehrere herzspezifische Troponine und/oder ein oder mehrere Marker der Entzündungsreaktion
gemessen werden.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Körperflüssigkeit eine Kreislaufflüssigkeit, Urin oder Speichel
ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei die Herzerkrankung ausgewählt ist aus der Gruppe bestehend
aus Herzversagen, präklinischer Herzerkrankung, akuten Koronarsyndromen, Erkrankungen, an welchen eine Hy-
pertrophie von Zellen des Herzens beteiligt ist (Hypertrophie des Herzens), wie z.B. linksventrikuläre Hypertrophie,
ischämische Herzerkrankung und Kardiomyopathien, Calcium-mediierten Herzerkrankungen, wie z.B. Herzerkran-
kungen im Zusammenhang mit fehlregulierter oder anderweitig funktionsgestörter Ca2+-Signalisierung oder -Funk-
tion, akuter Myokardischämie, Myokardhypertrophie, Entwicklung von Herzversagen, Arrhythmien und Tachykar-
dien, wie z.B. CPVT (katecholaminerge polymorphe ventrikuläre Tachykardie) oder andere ventrikuläre Tachykar-
dien, und plötzlichem Herztod, wobei die Herzerkrankung vorzugsweise Herzversagen, eine ischämische Herzer-
krankung, Kardiomyopathie oder CPVT ist.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei ein Anstieg im Level von ≥10 % im Vergleich zu einem Kon-
trolllevel indikativ für eine Herzerkrankung ist, oder wobei die Körperflüssigkeit eine Kreislaufflüssigkeit ist und wobei
ein Level von Secretogranin II, oder einem Fragment davon, von mindestens 0,145 nmol/l indikativ für eine Herz-
erkrankung ist, oder wobei die Körperflüssigkeit Speichel ist und wobei ein Level von Secretogranin II, oder einem
Fragment davon, von mindestens 0,040 nmol/l indikativ für eine Herzerkrankung ist.

8. In-Vitro-Verfahren zum Bestimmen der klinischen Schwere einer Herzerkrankung oder Verfahren zum Prognosti-
zieren einer Herzerkrankung bei einem Subjekt, wobei das Verfahren das Bestimmen des Levels von Secretogranin
II, oder Fragmenten davon, in einer Körperflüssigkeit des Subjektes umfasst, wobei die Secretogranin II-Fragmente
Secretoneurin (SN) oder Fragmente, die das Secretogranin II-Epitop, das den Aminosäureresten 154-165 oder
172-186 von Secretogranin II entspricht, enthalten, sind.

9. Verfahren nach Anspruch 8, wobei Merkmale des Verfahrens wie in einem der Ansprüche 2 bis 6 definiert sind.

10. Verfahren nach Anspruch 8 oder 9, wobei die Körperflüssigkeit eine Kreislaufflüssigkeit ist und wobei ein Level von
Secretogranin II, oder einem Fragment davon, von mindestens 0,180 nmol/l indikativ für eine schwere Erkrankung
oder eine schlechte Prognose ist.

11. Einheit, welche die Fähigkeit besitzt, an Secretogranin II oder Fragmente davon zu binden, zur Verwendung bei
der In-Vivo-Diagnose einer Herzerkrankung bei einem Subjekt, welches an einer Herzerkrankung leidet oder welches
potentiell an einer Herzerkrankung leidet, welche das Verabreichen einer angemessenen Menge einer Einheit,
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welche die Fähigkeit besitzt, an Secretogranin II oder Fragmente davon zu binden, an das Subjekt und das Nach-
weisen der Gegenwart und/oder Menge und/oder der Position der Einheit in dem Subjekt durch Bildgebung umfasst,
wobei die Secretogranin II-Fragmente Secretoneurin (SN) oder Fragmente, die das Secretogranin II-Epitop, das
den Aminosäureresten 154-165 oder 172-186 von Secretogranin II entspricht, enthalten, sind.

12. Verfahren zum Testen des therapeutischen Potentials einer Substanz für die Behandlung einer Herzerkrankung,
welches das Verabreichen einer Testsubstanz an ein nichtmenschliches Versuchstier, das an einer Herzerkrankung
leidet, und das Bestimmen des Levels von Secretogranin II, oder Fragmenten davon, bei dem Tier umfasst, wobei
eine Verringerung oder Absenkung der Secretogranin II-Level vorzugsweise indikativ für eine Testsubstanz mit
therapeutischem Potential ist, wobei die Secretogranin II-Fragmente Secretoneurin (SN) oder Fragmente, die das
Secretogranin II-Epitop, das den Aminosäureresten 154-165 oder 172-186 von Secretogranin II entspricht, enthalten,
sind.

13. In-vitro-Verfahren zum Identifizieren einer aktivierten pathophysiologischen Achse bei einem Subjekt mit einer Herz-
erkrankung, zum Identifizieren eines Subjektes mit einer Herzerkrankung, das eine intensivere Überwachung er-
fordert, oder zum Identifizieren eines Subjektes mit einer Herzerkrankung, welches von einer frühen therapeutischen
Intervention profitieren könnte, wobei das Verfahren das Bestimmen des Levels von Secretogranin II, oder Frag-
menten davon, in einer Körperflüssigkeit des Subjektes umfasst, wobei die Secretogranin II-Fragmente Secreto-
neurin (SN) oder Fragmente, die das Secretogranin II-Epitop, das den Aminosäureresten 154-165 oder 172-186
von Secretogranin II entspricht, enthalten, sind.

14. Verfahren nach Anspruch 13, wobei Merkmale des Verfahrens wie in einem der Ansprüche 2 bis 7 oder Anspruch
10 definiert sind.

15. In-vitro-Verfahren zur Überwachung des Fortschreitens oder der Schwere einer Herzerkrankung, zur Bewertung
der Wirksamkeit einer Herzerkrankungstherapie, zur Überwachung des Fortschritts einer Herzerkrankungstherapie
oder zur Überwachung eines gesunden Individuums, wobei das Verfahren das Bestimmen des Levels von Secre-
togranin II, oder Fragmenten davon, in einer Körperflüssigkeit des Subjektes umfasst, wobei ein Anstieg im Level
von Secretogranin II, oder Fragmenten davon, vorzugsweise indikativ für eine Progression oder erhöhte Schwere
einer Herzerkrankung oder frühe Anzeichen der Entwicklung einer Herzerkrankung ist, oder wobei eine Abnahme
im Level von Secretogranin II, oder Fragmenten davon, indikativ für eine Verbesserung oder verringerte Progression
ist, wobei die Secretogranin II-Fragmente Secretoneurin (SN) oder Fragmente, die das Secretogranin II-Epitop, das
den Aminosäureresten 154-165 oder 172-186 von Secretogranin II entspricht, enthalten, sind.

16. Verfahren nach Anspruch 15, wobei das Level von Secretogranin II, oder Fragmenten davon, bei dem Subjekt mit
einem Kontrolllevel verglichen wird und/oder serielle Bestimmungen des Levels von Secretogranin II, oder Frag-
menten davon, vorgenommen werden und/oder die Merkmale des Verfahrens wie in einem der Ansprüche 3 bis 7
oder Anspruch 10 definiert sind.

Revendications

1. Procédé in vitro de diagnostic de maladie cardiaque chez un individu, ledit procédé comprenant la détermination
du niveau de sécrétogranine II, ou de fragments de celle-ci, dans un fluide corporel dudit individu, dans lequel lesdits
fragments de sécrétogranine II sont de la sécrétoneurine (SN), ou des fragments contenant l’épitope de sécréto-
granine II correspondant à des résidus d’acides aminés 154-165 ou 172-186 de sécrétogranine II.

2. Procédé selon la revendication 1, dans lequel un niveau augmenté de sécrétogranine II, ou de fragments de celle-
ci, dans ledit fluide corporel dudit individu est indicatif d’une maladie cardiaque, de préférence le niveau de sécré-
togranine II, ou de fragments de celle-ci, chez ledit individu est comparé à un niveau de contrôle et/ou de préférence
des déterminations en série du niveau de sécrétogranine II, ou de fragments de celle-ci, sont effectuées.

3. Procédé selon la revendication 1 ou la revendication 2, comprenant en outre la détermination du niveau d’un ou de
plusieurs autres biomarqueurs associés à la maladie cardiaque, de préférence les autres biomarqueurs sont sé-
lectionnés dans le groupe constitué de chromogranine B, de troponines spécifiques cardiaques telles que TnI et
TnT, de peptides natriurétiques tels que ANP, BNP et NT-proBNP, d’autres biomarqueurs sécrétés secondairement
au stress/tension de cardiomyocytes tels que ST2 et la pro-adrénomédulline, de marqueurs d’inflammation tels que
la protéine réactive C (CRP) et diverses cytokynes/chimiokynes, de marqueurs de remodelage extracellulaire tels
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que les MMP et TIMP, d’autres marqueurs de nécrose/apoptose non troponine tels qu’une protéine d’acides gras
de type cardiaque, de marqueurs d’activité neuroendocrinienne tels que les catécholamines, l’aldostérone, l’angio-
tensine II et la granine CgA, et de marqueurs de stress oxydatif tels que la myéloperoxidase.

4. Procédé selon la revendication 3, dans lequel des niveaux d’au moins la chromogranine B et la sécrétogranine II
sont déterminés, ou des niveaux d’au moins la sécrétogranine II et de peptides natriurétiques sont déterminés, ou
des niveaux d’au moins la chromogranine B, la sécrétogranine II et de peptides natriurétiques sont déterminés, de
préférence une ou plusieurs troponines spécifiques cardiaques et/ou un ou plusieurs marqueurs de la réaction
inflammatoire sont également mesurés.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel ledit fluide corporel est un fluide circulatoire,
de l’urine ou de la salive.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel ladite maladie cardiaque est sélectionnée
dans le groupe constitué d’une insuffisance cardiaque, d’une maladie cardiaque préclinique, de syndromes coro-
nariens aigus, de maladies qui impliquent une hypertrophie des cellules du coeur (hypertrophie cardiaque) telle
qu’une hypertrophie ventriculaire gauche, d’une maladie cardiaque ischémique et de cardiomyopathies, de maladies
cardiaques déclenchées par le calcium telles que des maladies cardiaques associées à une fonction ou signalisation
de Ca2+ déréglée ou autrement dysfonctionnelle, une ischémie du myocarde aiguë, une hypertrophie du myocarde,
un développement d’insuffisance cardiaque, des arythmies et des tachycardies telles que CPVT ou autres tachy-
cardies ventriculaires, et une mort cardiaque subite, de préférence ladite maladie cardiaque est une insuffisance
cardiaque, une maladie cardiaque ischémique, une cardiomyopathie ou CPVT.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel une augmentation du niveau de ≥ 10 % par
rapport à un niveau de contrôle est indicative d’une maladie cardiaque, ou dans lequel ledit fluide corporel est un
fluide circulatoire et dans lequel un niveau de sécrétogranine II, ou d’un fragment de celle-ci, d’au moins 0,145
nmol/L est indicatif d’une maladie cardiaque, ou dans lequel ledit fluide corporel est la salive et dans lequel un
niveau de sécrétogranine II, ou d’un fragment de celle-ci, d’au moins 0,040 nmol/L est indicatif d’une maladie
cardiaque.

8. Procédé in vitro de détermination de la sévérité clinique d’une maladie cardiaque ou procédé pour le pronostic d’une
maladie cardiaque chez un individu, ledit procédé comprenant la détermination du niveau de sécrétogranine II, ou
de fragments de celle-ci, dans un fluide corporel dudit individu, dans lequel lesdits fragments de sécrétogranine II
sont la sécrétoneurine (SN), ou des fragments contenant l’épitope de sécrétogranine II correspondant à des résidus
d’acides aminés 154-165 ou 172-186 de sécrétogranine II.

9. Procédé selon la revendication 8, dans lequel des caractéristiques dudit procédé sont telles que définies dans l’une
quelconque des revendications 2 à 6.

10. Procédé selon la revendication 8 ou la revendication 9, dans lequel ledit fluide corporel est un fluide circulatoire et
dans lequel un niveau de sécrétogranine II, ou d’un fragment de celle-ci, d’au moins 0,180 nmol/L est indicatif d’une
maladie grave ou d’un mauvais pronostic.

11. Entité qui a la capacité de se lier à la sécrétogranine II ou à des fragments de celle-ci, à utiliser dans le diagnostic
in vivo d’une maladie cardiaque chez un individu qui a une maladie cardiaque ou qui a potentiellement une maladie
cardiaque, comprenant l’administration d’une quantité appropriée d’une entité qui a la capacité de se lier à la
sécrétogranine II ou à des fragments de celle-ci, à l’individu et la détection en imageant la présence et/ou la quantité
et/ou l’emplacement de ladite entité chez l’individu, dans laquelle lesdits fragments de sécrétogranine II sont la
sécrétoneurine (SN), ou des fragments contenant l’épitope de sécrétogranine II correspondant à des résidus d’acides
aminés 154-165 ou 172-186 de sécrétogranine II.

12. Procédé de test du potentiel thérapeutique d’une substance pour le traitement d’une maladie cardiaque, comprenant
l’administration d’une substance test à un animal d’expérimentation non humain souffrant d’une maladie cardiaque
et la détermination du niveau de sécrétogranine II, ou de fragments de celle-ci, chez ledit animal, de préférence
une diminution ou une baisse de niveaux de sécrétogranine II est indicative d’une substance test avec un potentiel
thérapeutique, dans lequel lesdits fragments de sécrétogranine II sont la sécrétoneurine (SN), ou des fragments
contenant l’épitope de sécrétogranine II correspondant à des résidus d’acides aminés 154-165 ou 172-186 de
sécrétogranine II.
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13. Procédé in vitro pour identifier un axe pathophysiologique activé chez un individu ayant une maladie cardiaque,
pour identifier un individu ayant une maladie cardiaque nécessitant un contrôle plus intensif, ou pour identifier un
individu ayant une maladie cardiaque qui peut bénéficier d’une intervention thérapeutique précoce, ledit procédé
comprenant la détermination du niveau de sécrétogranine II, ou de fragments de celle-ci, dans un fluide corporel
dudit individu, dans lequel lesdits fragments de sécrétogranine II sont la sécrétoneurine (SN), ou des fragments
contenant l’épitope de sécrétogranine II correspondant à des résidus d’acides aminés 154-165 ou 172-186 de
sécrétogranine II.

14. Procédé selon la revendication 13, dans lequel des caractéristiques dudit procédé sont telles que définies dans
l’une quelconque des revendications 2 à 7 ou la revendication 10.

15. Procédé in vitro pour contrôler la progression ou la gravité d’une maladie cardiaque, pour évaluer l’efficacité d’une
thérapie pour maladie cardiaque, pour contrôler la progression d’une thérapie pour maladie cardiaque, ou pour
contrôler une personne saine, ledit procédé comprenant la détermination du niveau de sécrétogranine II, ou de
fragments de celle-ci, dans un fluide corporel dudit individu, de préférence dans lequel une augmentation du niveau
de sécrétogranine II, ou de fragments de celle-ci, est indicative de la progression ou d’une gravité accrue de la
maladie cardiaque ou de signes précoces du développement d’une maladie cardiaque, ou dans lequel une diminution
du niveau de sécrétogranine II, ou de fragments de celle-ci, est indicative d’une amélioration ou d’une progression
réduite, dans lequel lesdits fragments de sécrétogranine II sont la sécrétoneurine (SN), ou des fragments contenant
l’épitope de sécrétogranine II correspondant à des résidus d’acides aminés 154-165 ou 172-186 de sécrétogranine II.

16. Procédé selon la revendication 15, dans lequel le niveau de sécrétogranine II, ou de fragments de celle-ci, chez
ledit individu est comparé à un niveau de contrôle et/ou des déterminations en série du niveau de sécrétogranine
II, ou de fragments de celle-ci, sont effectuées et/ou les caractéristiques dudit procédé sont telles que définies selon
1"une quelconque des revendications 3 à 7 ou la revendication 10.
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