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(57) ABSTRACT

Disclosed is a method for identifying a subject being suscep-
tible to a cardiac therapy, comprising (a) determining the
amounts of liver fatty acid binding protein, and at least one
further polypeptide from the group of a cardiac troponin and
a natriuretic peptide in at least one sample of a subject suf-
fering from heart failure, (b) comparing the thus determined
amounts to suitable reference amounts, and (¢) identifying a
subject being susceptible to a cardiac therapy. Also described
is a device and a kit adapted to carry out the method of the
present invention. Also described is the use of liver fatty acid
binding protein and at least one further polypeptide from the
group of a cardiac troponin and a natriuretic peptide for
identifying a subject being susceptible to a cardiac therapy.
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L-FABP, NATRIURETIC PEPTIDES, AND
CARDIAC TROPONINS IN SUBJECTS IN
NEED OF CARDIAC THERAPY

RELATED APPLICATIONS

[0001] This application is a continuation of PCT/EP2009/
056128 filed May 20, 2009 and claims priority to EP
08156677.0 filed May 21, 2008.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for iden-
tifying a subject being susceptible to a cardiac therapy, com-
prising (a) determining the amounts of liver fatty acid binding
protein, and at least one further polypeptide from the group of
a cardiac troponin and a natriuretic peptide in at least one
sample of a subject suffering from heart failure, (b) compar-
ing the thus determined amounts to suitable reference
amounts, and (¢) identifying a subject being susceptible to a
cardiac therapy. Moreover, the present invention relates to a
device and a kit adapted to carry out the method of the present
invention. Also encompassed by the present invention is the
use of liver fatty acid binding protein and at least one further
polypeptide from the group of a cardiac troponin and a natri-
uretic peptide for identifying a subject being susceptible to a
cardiac therapy.

BACKGROUND OF THE INVENTION

[0003] An aim of modern medicine is to provide personal-
ized or individualized treatment regimens. Those are treat-
ment regimens which take into account a patient’s individual
needs or risks. Personalized or individual treatment regimens
shall be even taken into account for measures where it is
required to decide on potential treatment regimens.

[0004] Heart failure is a condition that can result from any
structural or functional cardiac disorder that impairs the abil-
ity of the heart to fill with or pump a sufficient amount of
blood throughout the body. Even with the best therapy, heart
failure is associated with an annual mortality of about 10%.
Therefore, heart failure patients require close medical man-
agement in order to ameliorate their condition or to prevent
the progression of their condition and to reduce morbidity and
mortality. The medical management of heart failure patients
includes the administration of drugs as well as diagnostic
interventions such as coronary angiography.

[0005] Improvements during the last decades in heart fail-
ure therapy contributed to a larger life expectancy of patients
suffering from heart failure. E.g., the survival of patients with
heart failure can be increased by administration of angio-
tensin-converting enzyme (ACE) blockers, beta blockers,
angiotensin receptor blockers and spironolactone. However,
the administration of certain pharmaceuticals for the treat-
ment of heart failure and for the treatment of comorbidities of
heart failure may impair renal function. Therefore, heart fail-
ure patients receiving treatment should be regularly moni-
tored for their renal function and treatment should be adjusted
accordingly.

[0006] ACE inhibitors are frequently used for the treatment
of heart failure since they have been clinically shown to be
superior to other classes of drugs regarding the reduction of
mortality.

[0007] Ingeneral, ACE inhibitors are renoprotective. How-
ever, acute rises in serum creatinine levels are observed in up
to 30 percent of patient with first two months of therapy. It is
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known that renal impairment is a significant adverse effect of
ACE inhibitors since some patients taking ACE inhibitor
suffer from acute renal failure (Abuelo. N Engl J Med 2007,
357:797-805; Lameire et al., Lancet 2005; 365: 417-30).
These adverse side effects are linked to the effect of ACE
inhibitors on angiotensin II-mediated functions such as renal
blood flow which is affected by angiotensin II because angio-
tensin I vasoconstricts the efferent arterioles of the glomeruli
of the kidney, and thereby increases glomerular filtration rate
(GFR), a marker for renal function.

[0008] Inaddition to ACE inhibitors there are further drugs
against heart failure which may affect renal function, particu-
larly, NSAIDs, diuretics and antihypertensive drugs. These
drugs may also result in an acute increase of serum creatinine
concentration due to renal ischemia. Therefore, Abuele (loc.
cit.) recommends to closely monitor patients taking these
drugs, or even to stop the therapy. Stopping the therapy may
be beneficial for renal function, but may worsen the condition
of the patient with respect to the heart.

[0009] The effect on renal function may even be increased
when concomitantly taking other pharmaceuticals such as
ACE inhibitors and non-steroidal anti-inflammatory drugs.
[0010] Renal function can be assessed by determining the
glomerular filtration rate (GFR). However, the determination
of the GFR is very difficult, time- and cost-intensive. There-
fore, renal function is typically assessed by determining the
serum creatinine concentration or by assessing changes in the
serum creatinine concentration. The use of creatinine as a
marker for renal function, however, has been recently put into
jeopardy as the serum creatinine concentration is not neces-
sarily an accurate reflection of true renal function because the
concentration also depends on other factors like age and
gender. Moreover, an increase of serum creatinine levels is
frequently observed only after a marked damage to function-
ing nephrons. Therefore, this test is not suitable for detecting
early stages of renal impairment.

[0011] Thus, adverse side effects can accompany the ben-
efits in patients with heart failure taking medication against
heart failure. Therefore, it is necessary to balance the benefits
of a heart failure related therapy against adverse side effects
on renal function that may be caused by the therapy. Particu-
larly, there is a need for assessing both renal function and
heart function in patients with heart failure in order to adjust
the dosage regimen of certain pharmaceuticals used for the
treatment of heart failure.

[0012] However, although highly desirable, means and
methods allowing for a reliable and efficient identification of
subjects being susceptible to a cardiac therapy are not yet
available.

[0013] The technical problem underlying the present
invention can be seen as the provision of means and methods
for complying with the aforementioned needs. The technical
problem is solved by the embodiments characterized in the
claims and herein below.

SUMMARY OF THE INVENTION

[0014] Therefore, the present invention relates to a method
for identifying a subject being susceptible to a cardiac
therapy, the subject suffering from heart failure and being in
need of a cardiac therapy, comprising the steps of
[0015] a) determining the amounts of liver fatty acid
binding protein (L-FABP), and at least one further
polypeptide from the group of a cardiac troponin and a
natriuretic peptide, in at least one sample of the subject,
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[0016] b) comparing the amounts of the liver fatty acid
binding protein, and of the at least one further polypep-
tide as determined in step a) to suitable reference
amounts, and

[0017] c) identifying a subject being susceptible to a
cardiac therapy.

[0018] The method of the present invention, preferably, is
an in vitro method. Moreover, it may comprise steps in addi-
tionto those explicitly mentioned above. For example, further
steps may relate to sample pre-treatments or evaluation of the
results obtained by the method. The method of the present
invention may be also used for monitoring, confirmation, and
subclassification of the subject. The method may be carried
out manually or assisted by automation. Preferably, step (a),
(b) and/or (c) may in total or in part be assisted by automation,
e.g., by a suitable robotic and sensory equipment for the
determination in step (a) or a computer-implemented calcu-
lation in step (b).

BRIEF DESCRIPTION OF THE FIGURES

[0019] FIG. 1: Box plot analysis: Comparison of
NT-proBNP, high sensitive troponin T, creatinine and urinary
L-FABP in patients with heart failure and healthy individuals.
The amounts of urinary L-FABP and creatinine were deter-
mined in urine samples, and the amounts of NT-proBNP and
troponin T were determined in serum samples (A: healthy
individuals; B: individuals with heart failure).

[0020] FIG. 2: Correlation of troponin T and L-FABP
(L-FABP to creatinine ratio; each dot represents one indi-
vidual).

[0021] FIG. 3: Correlation of NT-proBNP and L-FABP
(L-FABP to creatinine ratio; each dot represents one indi-
vidual).

DETAILED DESCRIPTION OF THE INVENTION

[0022] Theterm “identifying” as used herein means assess-
ing whether a subject will be susceptible for a cardiac therapy
or not. Particularly, a subject who is susceptible to a cardiac
therapy will benefit from the cardiac therapy, preferably,
without the risk of adverse side effects on renal function.
Thus, the condition of the heart (i.e., the condition with
respect to heart function) of the subject will ameliorate (or
will at least not worsen) and renal function will not be
impaired (or at least will not be significantly impaired). Par-
ticularly, the kidney of a subject who is susceptible to a
cardiac therapy shall sufficiently exhibit its physiological
function when being treated with a cardiac therapy. A subject
who is not susceptible to cardiac therapy, preferably, will be at
risk of renal failure (particularly, acute renal failure) when
taking pharmaceuticals that are (or that may be under certain
circumstances) nephrotoxic (for a list of these pharmaceuti-
cals see below, particularly ACE inhibitors). Accordingly, a
subject who is not susceptible to a cardiac therapy requires a
therapy that does not impair renal function or that impairs
renal function only to a low extend. Said therapy shall avoid
drugs that may cause acute renal failure.

[0023] In summary, a subject who is susceptible from car-
diac therapy will, preferably, benefit from the therapy,
whereas a subject who is not susceptible will, preferably, not
benefit from the therapy. Particularly, a subject who is not
susceptible to cardiac therapy will be at risk (i.e., increased
risk) of renal failure as a consequence of the therapy.
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[0024] As will be understood by those skilled in the art,
such an assessment (i.e., whether a subject is susceptible to a
cardiac therapy or not) is usually not intended to be correct for
all (i.e., 100%) of the subjects to be identified. The term,
however, requires that a statistically significant portion of
subjects can be identified (e.g., a cohort in a cohort study).
Whether a portion is statistically significant can be deter-
mined without further ado by the person skilled in the art
using various well known statistic evaluation tools, e.g.,
determination of confidence intervals, p-value determination,
Student’s t-test, Mann-Whitney test etc. Details are found in
Dowdy and Wearden, Statistics for Research, John Wiley &
Sons, New York 1983. Preferred confidence intervals are at
least 90%, at least 95%, at least 97%, at least 98% or at least
99%. The p-values are, preferably, 0.1, 0.05, 0.01, 0.005, or
0.0001. More preferably, at least 60%, at least 70%, at least
80% or at least 90% of the subjects of a population can be
properly identified by the method of the present invention.
[0025] The term “subject” as used herein relates to an ani-
mal, preferably a mammal, and, more preferably, a human.
[0026] However, it is envisaged in accordance with the
aforementioned method of the present invention that the sub-
ject shall be “in need of a cardiac therapy”. Therefore, the
subject, preferably, shall have a cardiac dysfunction or disor-
der. More preferably, the subject shall suffer from heart fail-
ure, i.e., exhibit symptoms and/or physical signs known to be
associated with heart failure.

[0027] Theterm “heart failure” as used herein relates to an
impaired systolic and/or diastolic function of the heart. Pref-
erably, heart failure referred to herein is also chronic heart
failure. Heart failure can be classified into a functional clas-
sification system according to the New York Heart Associa-
tion (NYHA). Patients of NYHA Class 1 have no obvious
symptoms of cardiovascular disease but already have objec-
tive evidence of functional impairment. Physical activity is
not limited, and ordinary physical activity does not cause
undue fatigue, palpitation, or dyspnea (shortness of breath).
Patients of NYHA class 11 have slight limitation of physical
activity. They are comfortable at rest, but ordinary physical
activity results in fatigue, palpitation, or dyspnea. Patients of
NYHA class ITT show a marked limitation of physical activity.
They are comfortable at rest, but less than ordinary activity
causes fatigue, palpitation, or dyspnea. Patients of NYHA
class IV are unable to carry out any physical activity without
discomfort. They show symptoms of cardiac insufficiency at
rest. Heart failure, i.e., an impaired systolic and/or diastolic
function of the heart, can be determined also by, for example,
echocardiography, angiography, szintigraphy, or magnetic
resonance imaging. This functional impairment can be
accompanied by symptoms of heart failure as outlined above
(NYHA class 1I-1V), although some patients may present
without significant symptoms (NYHA I). Moreover, heart
failure is also apparent by a reduced left ventricular ejection
fraction (LVEF). More preferably, heart failure as used herein
is accompanied by a left ventricular ejection fraction (LVEF)
of less than 60%, of 40% to 60% or of less than 40%.
[0028] Preferably, the subject has not experienced an acute
coronary syndrome recently. More preferably, the subject has
not experienced an acute coronary syndrome within 24 hours,
two days, one week, or, most preferably, one month prior to
carrying out the method of the present invention (more pre-
cisely: prior to obtaining the sample(s) to be analyzed in the
context of the method of the present invention). Preferably,
the subject has a cardiac troponin level, more preferably a
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troponin T level, of lower than 0.1 ng/ml (since this would
exclude recent acute cardiovascular events).

[0029] Said subject, in general, can be an individual with or
without an apparent renal disorder. Preferably, the subject
does not have an apparent renal disorder. Renal disorders are
known to the person skilled in the art. In this context, the term
“renal disorder” is considered to relate, preferably, to any
disease, injury, or dysfunction of the kidney or affecting the
kidney, more particularly affecting the capacity of the kidney
for waste removal and/or ultrafiltration. Examples for renal
disorders include congenital disorders and acquired disor-
ders. Examples for congenital renal disorders include con-
genital hydronephrois, congenital obstruction of urinary
tract, duplicated ureter, horseshoe kidney, polycystic kidney
disease, renal dysplasia, unilateral small kidney. Examples
for acquired renal disorders include diabetic or analgesic
nephropathy, glomerulonephritis, hydronephrosis (the
enlargement of one or both of the kidneys caused by obstruc-
tion of the flow of urine), interstitial nephritis, kidney stones,
kidney tumors (e.g., Wilms tumor and renal cell carcinoma),
lupus nephritis, minimal change disease, nephrotic syndrome
(the glomerulus has been damaged so that a large amount of
protein in the blood enters the urine. Other frequent features
of the nephrotic syndrome include swelling, low serum albu-
min, and high cholesterol), pyelonephritis, renal failure (e.g.,
acute renal failure and chronic renal failure). Renal disorders
can be diagnosed by any means known and deemed appro-
priate. Particularly, renal function can be assessed by means
of the glomerular filtration rate (GFR). For example, the GFR
may be calculated by the Cockgroft-Gault or the MDRD
formula (Levey 1999, Annals of Internal Medicine, 461-470).
GFR is the volume of fluid filtered from the renal glomerular
capillaries into the Bowman’s capsule per unit time. Clini-
cally, this is often used to determine renal function. The GFR
was originally estimated (the GFR can never be determined,
all calculations derived from formulas such as the Cockgroft
Gault formula of the MDRD formula deliver only estimates
and not the “real” GFR) by injecting inulin into the plasma.
Since inulin is not reabsorbed by the kidney after glomerular
filtration, its rate of excretion is directly proportional to the
rate of filtration of water and solutes across the glomerular
filter. In clinical practice however, creatinine clearance is
used to measure GFR. Creatinine is an endogenous molecule,
synthesized in the body, which is freely filtered by the glom-
erulus (but also secreted by the renal tubules in very small
amounts). Creatinine clearance (CrCl) is therefore a close
approximation of the GFR. The GFR is typically recorded in
millilitres per minute (ml/min). The normal range of GFR for
males is 97 to 137 ml./min, the normal range of GFR for
females is 88 to 128 mL/min.

[0030] One of the first hints for renal disorder is the pres-
ence of protein in urine (micro- or macroalbuminuria) which
can be assessed by simple dip stick. The most common blood
test used to date is still creatinine while acknowledging its
missing accuracy.

[0031] Accordingly, a subject without an apparent renal
disorder as referred to in the context of the present invention,
preferably, has a blood creatinine level of lower than 1.6
mg/dl, more preferably of lower than 1.2 mg/dl, even more
preferably, lower than 1.0 mg/dl and most preferably of lower
than 0.8 mg/dl.

[0032] Accordingly, the subject without an apparent renal
disorder as referred to in the context of the present invention,
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preferably, has a GFR of larger than 45 mL/min, more pref-
erably of larger than 60 ml/min , and most preferably of
larger than 90 mI./min.

[0033] The term “cardiac therapy” encompasses, prefer-
ably, those treatment regimens which comprise the adminis-
tration of pharmaceuticals suitable for the treatment cardiac
dysfunctions and, particularly, for heart failure. Pharmaceu-
ticals suitable for the treatment of heart failure are well known
in the art, see e.g., Heart Disease, 2005, 7% Edition, Eds.
Braunwald, Elsevier Sounders, see tables 23-1, 23-6, 23-7,
23-8, 23-9, 23-10. Preferably, the administration of such
pharmaceuticals aims to treat the symptoms and signs ofheart
failure and which aim to prevent a further progression of heart
failure. Also contemplated are pharmaceuticals that aim to
treat comorbidities of heart failure such as arterial hyperten-
sion, arteriosclerosis, osteoporosis, and osteoarthritis.
[0034] However, it is contemplated that the pharmaceuti-
cals, although being suitable for the therapy of heart failure,
may impair renal function. Accordingly, the pharmaceuticals
for cardiac therapy, preferably, have or (may have under cet-
tain circumstances) the adverse side effect of decreasing (im-
pairing) renal function, and, thus, are (or may be under certain
circumstances) nephrotoxic. Drugs suitable for the treatment
of heart failure (but known to impair renal function), are
preferably, ACE (angiotensin converting enzyme)-inhibitors,
calcium antagonists (calcium channel blockers), angiotensin-
receptor blockers, digoxin, digitoxin, aldosterone antago-
nists, and diuretics. Most preferably, the term “cardiac
therapy” refers to a therapy with ACE-inhibitors.

[0035] ACE-inhibitors are known to the person skilled in
the art. Although ACE inhibitors are known to be renoprotec-
tive (i.e., nephroprotective) in general, they may cause renal
failure in a subpopulation of subjects.

[0036] Preferred examples for ACE inhibitors include
benazepril, captopril, cilazapril, enalapril, fosinopril, lisino-
pril, moexipril, perindopril, quinapril, ramipril, spirapril, and
trandolapril. A particularly preferred ACE-inhibitor is lisino-
pril.

[0037] The term “aldosterone antagonist” relates to a com-
pound being capable of counteracting the effect of aldoster-
one, e.g., by competitive blockage of aldosterone receptors
found in renal tubules. Preferably, the aldosterone antagonist
is spironolacton or eplerenone. Pharmaceuticals that aim to
treat comorbidities of heart failure are, preferably, non-ste-
roidal anti-rheumatics. Non-steroidal anti-rheumatics (also
referred to as non-steroidal anti-inflammatory drugs or
NSAIDs) are known to the person skilled in the art. NSAIDs
inhibit cyclooxygenases (also known as prostaglandin-H-
synthetases). Cyclooxygenases catalyze the reaction from
arachidonic acid to prostaglandin H2 (a cyclic endoperoxide),
which is the precursor of prostaglandin 12 (also known as
prostacycline), thromboxan A2, and other prostaglandins.
Prostaglandins play a significant role in pain, fever, and
inflammatory reactions. There are two isoforms of cyclooxy-
genases, Cox-1 and Cox-2. The Cox-2 gene is an immediate
early gene and is induced under conditions of tissue damage,
pain reactions, or inflammatory reactions. Thus, NSAIDs
include, preferably, Cox-1 inhibitors and, more preferably,
Cox-2 inhibitors. Preferably, Cox-2 inhibitors are selective
Cox-2 inhibitors, and thus compounds which, under thera-
peutic conditions, do inhibit expression or, preferably, the
enzymatic function of Cox-2, whereas not significantly inhib-
iting expression or, preferably, the enzymatic function of
Cox-1. Examples for selective Cox-2 inhibitors include cox-
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ibes (e.g., celecoxib, rofecoxib, etoricoxib, valdecoxib, pare-
coxib (a pro-drug of valdecoxib), lumiracoxib), meclofenat-
mate, sulindac sulphide, diclofenac, nimesulide, meloxicam,
etodolac, NS398, [.-745,337, DFP (3-(2-propyloxy)-4-(4-
methylsulphonylphenyl)-5,5-dimethylfuranone). The latter
three compounds are described in Warner, T. D, et al., 1999.
Examples for unspecific NSAIDs include Tbuprofen; Flurbi-
profen; Naproxen; Flufenamic Acid; Mefenamic Acid;
Piroxicam; Diclofenac; Phenbutazone Sodium Glycerate;
Indometacin; Tenoxicam.

[0038] The term “liver-type fatty acid binding protein”
(L-FABP, frequently also referred to as FABP1 herein also
referred to as liver fatty acid binding protein) relates to a
polypeptide being a liver type fatty acid binding protein and to
a variant thereof. Liver-type fatty acid binding protein is an
intracellular carrier protein of free fatty acids that is expressed
in the proximal tubules of the human kidney. Kamijo et al.
(Urinary liver-type fatty acid binding protein as a useful
biomarker in chronic kidney disease. Mol. Cell Biochem.
2006; 284) reported that urinary excretion of L-FABP may
reflect various kind of stresses that cause tubulointerstitial
damage and may be a useful clinical marker of the progres-
sion of chronic renal disease. For a sequence of human
L-FABP, see ¢.g., Chan et al.: Human liver fatty acid binding
protein eDNA and amino acid sequence. Functional and evo-
lutionary implications J. Biol. Chem. 260 (5), 2629-2632
(1985) or GenBank Ace. Number M10617.1.

[0039] The term “L-FABP” encompasses also variants of
L-FABP, preferably, of human [.-FABP. Such variants have at
least the same essential biological and immunological prop-
erties as L-FABP. In particular, they share the same essential
biological and immunological properties if they are detect-
able by the same specific assays referred to in this specifica-
tion, e.g., by ELISA Assays using polyclonal or monoclonal
antibodies specifically recognizing the L-FABP. Moreover, it
is to be understood that a variant as referred to in accordance
with the present invention shall have an amino acid sequence
which differs due to at least one amino acid substitution,
deletion and/or addition wherein the amino acid sequence of
the variant is still, preferably, at least 50%, 60%, 70%, 80%,
85%, 90%, 92%, 95%, 97%, 98%, or 99% identical with the
amino sequence of the L-FABP. How to determine the degree
of identity is specified elsewhere herein. Variants may be
allelic variants or any other species specific homologs, para-
logs, or orthologs. Moreover, the variants referred to herein
include fragments of L-FABP or the aforementioned types of
variants as long as these fragments have the essential immu-
nological and biological properties as referred to above. Such
fragments may be, e.g., degradation products of the L-FABP.
Further included are variants which differ due to posttransla-
tional modifications such as phosphorylation or myristyla-
tion. The term “L-FABP”, preferably, does not include heart
FARBP, brain FABP and intestine FABP.

[0040] The method of the present invention comprises
determining at least one further polypeptide from the group of
a cardiac troponin and a natriuretic peptide. Preferably, the at
least one further polypeptide is a cardiac troponin. More
preferably, the at least one further polypeptide is a natriuretic
peptide. Most preferably, both a natriuretic peptide and a
cardiac troponin are determined in the context of the method
of the present invention. Compared to the determination of a
natriuretic peptide or a cardiac troponin alone, the determi-
nation of both of a natriuretic peptide and a cardiac troponin
allows that a statistically more significant portion of subjects
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can be correctly identified. Thus, the determination of both
markers markedly enhances diagnostic and prognostic value.
However, the determination of a single marker (a cardiac
troponin or a natriuretic peptide) already allows that a statis-
tically significant portion of subjects can be correctly identi-
fied.

[0041] The term “natriuretic peptide” comprises atrial
natriuretic peptide (ANP)-type and brain natriuretic peptide
(BNP)-type peptides and variants thereof having the same
predictive potential. Natriuretic peptides according to the
present invention comprise ANP-type and BNP-type peptides
and variants thereof (see e.g., Bonow, 1996, Circulation 93:
1946-1950). ANP-type peptides comprise pre-proANP,
proANP, NT-proANP, and ANP. BNP-type peptides comprise
pre-proBNP, proBNP, NT-proBNP, and BNP. The pre-pro
peptide (134 amino acids in the case of pre-proBNP) com-
prises a short signal peptide, which is enzymatically cleaved
off to release the pro peptide (108 amino acids in the case of
proBNP). The pro peptide is further cleaved into an N-termi-
nal pro peptide (N'T-pro peptide, 76 amino acids in case of
NT-proBNP) and the active hormone (32 amino acids in the
case of BNP, 28 amino acids in the case of ANP). Preferably,
natriuretic peptides according to the present invention are
NT-proANP, ANP, and, more preferably, NT-proBNP, BNP,
and variants thereof. ANP and BNP are the active hormones
and have a shorter half-life than their respective inactive
counterparts, NT-proANP and NT-proBNP. BNP is metabo-
lised in the blood, whereas NT-proBNP circulates in the blood
as an intact molecule and as such is eliminated renally. The
in-vivo half-life of NTproBNP is 120 min longer than that of
BNP, which is 20 min (Smith 2000, J Endocrinol. 167: 239-
46.). Preanalytics are more robust with NT-proBNP allowing
easy transportation of the sample to a central laboratory
(Mueller 2004, Clin Chem Lab Med 42: 942-4.). Blood
samples can be stored at room temperature for several days or
may be mailed or shipped without recovery loss. In contrast,
storage of BNP for 48 hours at room temperature or at 4°
Celsius leads to a concentration loss of at least 20% (Mueller
loc.cit.; Wu 2004, Clin Chem 50: 867-73.). Therefore,
depending on the time-course or properties of interest, either
measurement of the active or the inactive forms of the natri-
uretic peptide can be advantageous. The most preferred natri-
uretic peptides according to the present invention are N'T-
proBNP or variants thereof. As briefly discussed above, the
human NT-proBNP, as referred to in accordance with the
present invention, is a polypeptide comprising, preferably, 76
amino acids in length corresponding to the N-terminal por-
tion of the human NT-proBNP molecule. The structure of the
human BNP and NT-proBNP has been described already in
detail in the prior art, e.g., WO 02/089657, WO 02/083913 or
Bonow loc. cit. Preferably, human NT-proBNP as used herein
is human NT-proBNP as disclosed in EP 0 648 228 B1. These
prior art documents are herewith incorporated by reference
with respect to the specific sequences of NT-proBNP and
variants thereof disclosed therein. The NT-proBNP referred
to in accordance with the present invention further encom-
passes allelic and other variants of the specific sequence for
human NT-proBNP discussed above.

[0042] Specifically, envisaged are variant polypeptides
which are on the amino acid level preferably, at least 50%,
60%, 70%, 80%, 85%, 90%, 92%, 95%, 97%, 98%, or 99%
identical, to human NT-proBNP. The degree of identity
between two amino acid sequences can be determined by
algorithms well known in the art. Preferably, the degree of
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identity is to be determined by comparing two optimally
aligned sequences over a comparison window, where the
fragment of amino acid sequence in the comparison window
may comprise additions or deletions (e.g., gaps or overhangs)
as compared to the reference sequence (which does not com-
prise additions or deletions) for optimal alignment. The per-
centage is calculated by determining the number of positions
at which the identical amino acid residue occurs in both
sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the window of comparison and multiplying the
result by 100 to yield the percentage of sequence identity.
Optimal alignment of sequences for comparison may be con-
ducted by the local homology algorithm of Smith and Water-
man Add. APL. Math. 2:482 (1981), by the homology align-
ment algorithm of Needleman and Wunsch J. Mol. Biol.
48:443 (1970), by the search for similarity method of Pearson
and Lipman Proc. Natl. Acad Sci. (USA) 85: 2444 (1988), by
computerized implementations of these algorithms (GAP,
BESTFIT, BLAST, PASTA, and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group
(GCG), 575 Science Dr., Madison, Wisc.), or by visual
inspection. Given that two sequences have been identified for
comparison, GAP and BESTFIT are preferably employed to
determine their optimal alignment and, thus, the degree of
identity. Preferably, the default values of 5.00 for gap weight
and 0.30 for gap weight length are used. Variants referred to
above may be allelic variants or any other species specific
homologs, paralogs, or orthologs. Substantially similar and
also envisaged are proteolytic degradation products which are
still recognized by the diagnostic means or by ligands
directed against the respective full-length peptide. Also
encompassed are variant polypeptides having amino acid
deletions, substitutions, and/or additions compared to the
amino acid sequence of human NT-proBNP as long as the
polypeptides have NT-proBNP properties. NT-proBNP prop-
erties as referred to herein are immunological and/or biologi-
cal properties. Preferably, the NT-proBNP variants have
immunological properties (i.e., epitope composition) compa-
rable to those of NT-proBNP. Thus, the variants shall be
recognizable by the aforementioned means or ligands used
for determination of the amount of the natriuretic peptides.
Biological and/or immunological NT-proBNP properties can
be detected by the assay described in Karl et al. (Karl 1999,
Scand J Clin Invest 230:177-181), Yeo et al. (Yeo 2003,
Clinica Chimica Acta 338:107-115). Variants also include
posttranslationally modified peptides such as glycosylated
peptides. Further, a variant in accordance with the present
invention is also a peptide or polypeptide which has been
modified after collection of the sample, for example by cova-
lent or non-covalent attachment of a label, particularly a
radioactive or fluorescent label, to the peptide.

[0043] The term “cardiac troponin” refers to all troponin
isoforms expressed in cells of the heart and, preferably, the
subendocardial cells. These isoforms are well characterized
in the art as described, e.g., in Anderson 19935, Circulation
Research, vol. 76, no. 4: 681-686 and Ferrieres 1998, Clinical
Chemistry, 44: 487-493. Preferably, cardiac troponin refers to
troponin T and/or troponin 1, and, most preferably, to troponin
T. It is to be understood that isoforms of Troponins may be
determined in the method of the present invention together,
i.e., simultaneously or sequentially, or individually, i.e., with-
out determining the other isoform at all. Amino acid
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sequences for human troponin T and human troponin I are
disclosed in Anderson, loc cit and Fertieres 1998, Clinical
Chemistry, 44: 487-493.

[0044] Theterm “cardiac troponin” encompasses also vari-
ants of the aforementioned specific Troponins, i.e., prefer-
ably, of troponin I, and more preferably, of troponin T. Such
variants have at least the same essential biological and immu-
nological properties as the specific cardiac Troponins. In
particular, they share the same essential biological and immu-
nological properties if they are detectable by the same specific
assays referred to in this specification, e.g., by ELISA Assays
using polyclonal or monoclonal antibodies specifically rec-
ognizing the cardiac Troponins. Moreover, it is to be under-
stood that a variant as referred to in accordance with the
present invention shall have an amino acid sequence which
differs due to at least one amino acid substitution, deletion
and/or addition wherein the amino acid sequence of the vari-
ant is still, preferably, at least 50%, 60%, 70%, 80%, 85%,
90%, 92%, 95%, 97%, 98%, or 99% identical with the amino
sequence of the specific troponin. Variants may be allelic
variants or any other species specific homologs, paralogs, or
orthologs. Moreover, the variants referred to herein include
fragments of the specific cardiac Troponins or the aforemen-
tioned types of variants as long as these fragments have the
essential immunological and biological properties as referred
to above. Such fragments may be, e.g., degradation products
of the Troponins. Further included are variants which differ
due to posttranslational modifications such as phosphoryla-
tion or myristylation.

[0045] Determining the amount of a natriuretic peptide, a
cardiac troponin, or liver type fatty acid binding protein, or
any other peptide or polypeptide referred to in this specifica-
tion relates to measuring the amount or concentration, pref-
erably semi-quantitatively or quantitatively. Measuring can
be done directly or indirectly. Direct measuring relates to
measuring the amount or concentration of the peptide or
polypeptide based on a signal which is obtained from the
peptide or polypeptide itself and the intensity of which
directly correlates with the number of molecules of the pep-
tide present in the sample. Such asignal-—sometimes referred
to herein as intensity signal—may be obtained, e.g., by mea-
suring an intensity value of a specific physical or chemical
property of the peptide or polypeptide. Indirect measuring
includes measuring of a signal obtained from a secondary
component (i.e., a component not being the peptide or
polypeptide itself) or a biological read out system, e.g., mea-
surable cellular responses, ligands, labels, or enzymatic reac-
tion products. Preferably, the amount of a cardiac troponin,
particularly troponin T, is determined with a very sensitive
troponin T test system in order to allow a reliable determina-
tion of very low cardiac troponin amounts, preferably the test
system is capable of determining amounts of 0.001 ng/ml of
a cardiac troponin. A particularly preferred troponin T assay
in the context of the present invention is the Elecsys® 2010
analyzer (Roche Diagnostics) with a detection limit of from
0.001 ng/ml to 0.0015 ng/ml.

[0046] Theterm “sample” refers to a sample of a body fluid,
to a sample of separated cells or to a sample from a tissue or
an organ. Samples of body fluids can be obtained by well
known techniques and include, preferably, samples of blood,
plasma, serum, urine, samples of blood, plasma or serum. It is
to be understood that the sample depends on the marker to be
determined. Therefore, it is encompassed that the polypep-
tides as referred to herein are determined in different samples.
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L-FABP, preferably, is determined in a urine sample. Cardiac
troponins and natriuretic peptides are, preferably, determined
in a blood serum or blood plasma sample.

[0047] Inaccordance with the present invention, determin-
ing the amount of a peptide or polypeptide can be achieved by
all known means for determining the amount of a peptide in a
sample. Said means comprise immunoassay devices and
methods which may utilize labeled molecules in various
sandwich, competition, or other assay formats. Said assays
will develop a signal which is indicative for the presence or
absence of the peptide or polypeptide. Moreover, the signal
strength can, preferably, be correlated directly or indirectly
(e.g., reverse-proportional) to the amount of polypeptide
present in a sample. Further suitable methods comprise mea-
suring a physical or chemical property specific for the peptide
or polypeptide such as its precise molecular mass or NMR
spectrum. Said methods comprise, preferably, biosensors,
optical devices coupled to immunoassays, biochips, analyti-
cal devices such as mass-spectrometers, NMR-analyzers, or
chromatography devices. Further, methods include micro-
plate ELISA-based methods, fully-automated or robotic
immunoassays (available for example on Elecsys™ analyz-
ers), CBA (an enzymatic Cobalt Binding Assay, available for
example on Roche-Hitachi™ analyzers), and latex aggluti-
nation assays (available for example on Roche-Hitachi™
analyzers).

[0048] Preferably, determining the amount of a peptide or
polypeptide comprises the steps of (a) contacting a cell
capable of eliciting a cellular response the intensity of which
is indicative of the amount of the peptide or polypeptide with
the peptide or polypeptide for an adequate period of time, (b)
measuring the cellular response. For measuring cellular
responses, the sample or processed sample is, preferably,
added to a cell culture and an internal or external cellular
response is measured. The cellular response may include the
measurable expression of a reporter gene or the secretion of a
substance, e.g., a peptide, polypeptide, or a small molecule.
The expression or substance shall generate an intensity signal
which correlates to the amount of the peptide or polypeptide.
[0049] Also preferably, determining the amount of a pep-
tide or polypeptide comprises the step of measuring a specific
intensity signal obtainable from the peptide or polypeptide in
the sample. As described above, such a signal may be the
signal intensity observed at an m/z variable specific for the
peptide or polypeptide observed in mass spectra or a NMR
spectrum specific for the peptide or polypeptide.

[0050] Determining the amount of a peptide or polypeptide
may, preferably, comprises the steps of (a) contacting the
peptide with a specific ligand, (b) (optionally) removing non-
bound ligand, (¢) measuring the amount of bound ligand. The
bound ligand will generate an intensity signal. Binding
according to the present invention includes both covalent and
non-covalent binding. A ligand according to the present
invention can be any compound, e.g., a peptide, polypeptide,
nucleic acid, or small molecule, binding to the peptide or
polypeptide described herein. Preferred ligands include anti-
bodies, nucleic acids, peptides or polypeptides such as recep-
tors or binding partners for the peptide or polypeptide and
fragments thereof comprising the binding domains for the
peptides, and aptamers, e.g., nucleic acid or peptide aptamers.
Methods to prepare such ligands are well-known in the art.
For example, identification and production of suitable anti-
bodies or aptamers is also offered by commercial suppliers.
The person skilled in the art is familiar with methods to
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develop derivatives of such ligands with higher affinity or
specificity. For example, random mutations can be introduced
into the nucleic acids, peptides or polypeptides. These deriva-
tives can then be tested for binding according to screening
procedures known in the art, e.g., phage display. Antibodies
as referred to herein include both polyclonal and monoclonal
antibodies, as well as fragments thereof, such as Fv, Fab and
F(ab), fragments that are capable of binding antigen or hap-
ten.

[0051] The present invention also includes single chain
antibodies and humanized hybrid antibodies wherein amino
acid sequences of a non-human donor antibody exhibiting a
desired antigen-specificity are combined with sequences of a
human acceptor antibody. The donor sequences will usually
include at least the antigen-binding amino acid residues of the
donor but may comprise other structurally and/or function-
ally relevant amino acid residues of the donor antibody as
well. Such hybrids can be prepared by several methods well
known in the art. Preferably, the ligand or agent binds spe-
cifically to the peptide or polypeptide. Specific binding
according to the present invention means that the ligand or
agent should not bind substantially to (“cross-react” with)
another peptide, polypeptide or substance present in the
sample to be analyzed. Preferably, the specifically bound
peptide or polypeptide should be bound with at least 3 times
higher, more preferably at least 10 times higher and even
more preferably atleast 50 times higher affinity than any other
relevant peptide or polypeptide. Non-specific binding may be
tolerable, if it can still be distinguished and measured
unequivocally, e.g., according to its size on a Western Blot, or
by its relatively higher abundance in the sample. Binding of
the ligand can be measured by any method known in the art.
Preferably, the method is semi-quantitative or quantitative.
Suitable methods are described in the following.

[0052] First, binding of a ligand may be measured directly,
e.g., by NMR or surface plasmon resonance.

[0053] Second, if the ligand also serves as a substrate of an
enzymatic activity of the peptide or polypeptide of interest, an
enzymatic reaction product may be measured (e.g., the
amount of a protease can be measured by measuring the
amount of cleaved substrate, e.g., on a Western Blot). Alter-
natively, the ligand may exhibit enzymatic properties itself
and the “ligand/peptide or polypeptide’” complex or the ligand
which was bound by the peptide or polypeptide, respectively,
may be contacted with a suitable substrate allowing detection
by the generation of an intensity signal. For measurement of
enzymatic reaction products, preferably the amount of sub-
strate is saturating. The substrate may also be labeled with a
detectable label prior to the reaction. Preferably, the sample is
contacted with the substrate for an adequate period of time.
An adequate period of time refers to the time necessary for a
detectable, preferably measurable, amount of product to be
produced. Instead of measuring the amount of product, the
time necessary for appearance of a given (e.g., detectable)
amount of product can be measured.

[0054] Third, the ligand may be coupled covalently or non-
covalently to a label allowing detection and measurement of
the ligand. Labelling may be done by direct or indirect meth-
ods. Direct labelling involves coupling of the label directly
(covalently or non-covalently) to the ligand. Indirect labelling
involves binding (covalently or non-covalently) of a second-
ary ligand to the first ligand. The secondary ligand should
specifically bind to the first ligand. Said secondary ligand
may be coupled with a suitable label and/or be the target
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(receptor) of tertiary ligand binding to the secondary ligand.
The use of secondary, tertiary or even higher order ligands is
often used to increase the signal. Suitable secondary and
higher order ligands may include antibodies, secondary anti-
bodies, and the well-known streptavidin-biotin system (Vec-
tor Laboratories, Inc.). The ligand or substrate may also be
“tagged” with one or more tags as known in the art. Such tags
may then be targets for higher order ligands. Suitable tags
include biotin, digoxygenin, His-Tag, Glutathion-S-Trans-
ferase, FLAG, GFP, myc-tag, influenza A virus haemagglu-
tinin (HA), maltose binding protein, and the like. In the case
of a peptide or polypeptide, the tag is preferably at the N-ter-
minus and/or C-terminus. Suitable labels are any labels
detectable by an appropriate detection method. Typical labels
include gold particles, latex beads, acridan ester, luminol,
ruthenium, enzymatically active labels, radioactive labels,
magnetic labels (“e.g., magnetic beads”, including paramag-
netic and superparamagnetic labels), and fluorescent labels.
Enzymatically active labels include e.g., horseradish peroxi-
dase, alkaline phosphatase, beta-Galactosidase, Luciferase,
and derivatives thereof. Suitable substrates for detection
include di-amino-benzidine (DAB), 3,3'-5,5'-tetramethyl-
benzidine, NBT-BCIP (4-nitro blue tetrazolium chloride and
5-bromo-4-chloro-3-indolyl-phosphate, available as ready-
made stock solution from Roche Diagnostics), CDP-Star™
(Amersham Biosciences), ECF™ (Amersham Biosciences).
A suitable enzyme-substrate combination may result in a
colored reaction product, fluorescence or chemolumines-
cence, which can be measured according to methods known
in the art (e.g., using a light-sensitive film or a suitable camera
system). As for measuring the enyzmatic reaction, the criteria
given above apply analogously. Typical fluorescent labels
include fluorescent proteins (such as GFP and its derivatives),
Cy3, Cy5, Texas Red, Fluorescein, and the Alexa dyes (e.g.,
Alexa 568). Further fluorescent labels are available e.g., from
Molecular Probes (Oregon). Also the use of quantum dots as
fluorescent labels is contemplated. Typical radioactive labels
include **S, 12°1, *2P, **P and the like. A radicactive label can
be detected by any method known and appropriate, e.g., a
light-sensitive film or a phosphor imager. Suitable measure-
ment methods according the present invention also include
precipitation (particularly immunoprecipitation), electro-
chemiluminescence (electro-generated chemiluminescence),
RIA (radioimmunoassay), ELISA (enzyme-linked immun-
osorbent assay), sandwich enzyme immune tests, electro-
chemiluminescence sandwich immunoassays (ECLIA), dis-
sociation-enhanced lanthanide fluoro immuno assay
(DELFIA), scintillation proximity assay (SPA), turbidimetry,
nephelometry, latex-enhanced turbidimetry or nephelometry,
or solid phase immune tests. Further methods known in the art
(such as gel electrophoresis, 2D gel electrophoresis, SDS
polyacrylamid gel electrophoresis (SDS-PAGE), Western
Blotting, and mass spectrometry), can be used alone or in
combination with labelling or other detection methods as
described above.

[0055] Theamount ofapeptide or polypeptide may be, also
preferably, determined as follows: (a) contacting a solid sup-
port comprising a ligand for the peptide or polypeptide as
specified above with a sample comprising the peptide or
polypeptide and (b) measuring the amount peptide or
polypeptide which is bound to the support. The ligand, pref-
erably chosen from the group consisting of nucleic acids,
peptides, polypeptides, antibodies and aptamers, is prefer-
ably present on a solid support in immobilized form. Materi-
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als for manufacturing solid supports are well known in the art
and include, inter alia, commercially available column mate-
rials, polystyrene beads, latex beads, magnetic beads, colloid
metal particles, glass and/or silicon chips and surfaces, nitro-
cellulose strips, membranes, sheets, duracytes, wells and
walls of reaction trays, plastic tubes etc. The ligand or agent
may be bound to many different carriers. Examples of well-
known carriers include glass, polystyrene, polyvinyl chlo-
ride, polypropylene, polyethylene, polycarbonate, dextran,
nylon, amyloses, natural and modified celluloses, polyacry-
lamides, agaroses, and magnetite. The nature of the carrier
can be either soluble or insoluble for the purposes of the
invention. Suitable methods for fixing/immobilizing the
ligand are well known and include, but are not limited to
ionic, hydrophobic, covalent interactions and the like. It is
also contemplated to use “suspension arrays” as arrays
according to the present invention (Nolan 2002, Trends Bio-
technol. 20(1):9-12). In such suspension arrays, the carrier,
e.g., a microbead or microsphere, is present in suspension.
The array consists of different microbeads or microspheres,
possibly labeled, carrying different ligands. Methods of pro-
ducing such arrays, for example based on solid-phase chem-
istry and photo-labile protective groups, are generally known
(U.S. Pat. No. 5,744305).

[0056] The term “amount” as used herein encompasses the
absolute amount of a polypeptide or peptide, the relative
amount or concentration of the polypeptide or peptide as well
as any value or parameter which correlates thereto or can be
derived therefrom. Such values or parameters comprise inten-
sity signal values from all specific physical or chemical prop-
erties obtained from the peptides by direct measurements,
e.g., intensity values in mass spectra or NMR spectra. More-
over, encompassed are all values or parameters which are
obtained by indirect measurements specified elsewhere in
this description, e.g., response levels determined from bio-
logical read out systems in response to the peptides or inten-
sity signals obtained from specifically bound ligands. It is to
be understood that values correlating to the aforementioned
amounts or parameters can also be obtained by all standard
mathematical operations.

[0057] The term “comparing” as used herein encompasses
comparing the amount of the peptide or polypeptide com-
prised by the sample to be analyzed with an amount of a
suitable reference source specified elsewhere in this descrip-
tion. It is to be understood that comparing as used herein
refers toa comparison of corresponding parameters or values,
e.g., an absolute amount is compared to an absolute reference
amount while a concentration is compared to a reference
concentration or an intensity signal obtained from a test
sample is compared to the same type of intensity signal of a
reference sample. The comparison referred to in step (b) of
the method of the present invention may be carried out manu-
ally or computer assisted. For a computer assisted compari-
son, the value of the determined amount may be compared to
values corresponding to suitable references which are stored
in a database by a computer program. The computer program
may further evaluate the result of the comparison, i.e., auto-
matically provide the desired assessment in a suitable output
format. Based on the comparison of the amount determined in
step a) and the reference amount, it is possible to assess
whether a subject is susceptible for a cardiac therapy and,
thus, belongs to the group of subjects which can be success-
fully treated by the cardiac therapy. Therefore, the reference
amount is to be chosen so that either a difference or a simi-



US 2011/0059539 A1

larity in the compared amounts allows identifying those the
test subject which belong into the group of subjects suscep-
tible for cardiac therapy or identifying those test subjects
which are not susceptible for a cardiac therapy.

[0058] Accordingly, the term “reference amount™ as used
herein refers to an amount which allows assessing whether a
subject in need thereof will be susceptible for a cardiac
therapy as referred to above. Accordingly, the reference may
either be derived from (i) a subject known to have been
successfully treated, i.e., a subject who did benefit from the
cardiac therapy, preferably, without the occurrence of adverse
effects on renal function such as renal failure (preferably
acute renal failure), or (ii) a subject known to have been not
successfully treated, i.c., a subject whose renal function was
decreased due to the therapy. particularly a subject who devel-
oped renal failure (preferably acute renal failure) due to the
therapy and, thus, did not derive benefits from the treatment
regimen. Moreover, the reference amounts for the various
biomarkers, thus L-FABP and at least one further polypeptide
selected from the natriuretic peptide and a cardiac troponin
may define a threshold amount, whereby (i) an amount of the
of at least one further polypeptide (preferably of both a car-
diac troponin and a natriuretic peptide) larger than the corre-
sponding threshold(s) and an amount of L-FABP lower than
the threshold for L-FABP shall be indicative for a subject
being susceptible for a cardiac therapy while (i) an amount of
the of at least one further polypeptide (preferably of both a
cardiac troponin and a natriuretic peptide) lower than the
corresponding threshold(s) and an amount of L-FABP larger
than the threshold for L-FABP shall be an indicator for a
subject which is not susceptible to the therapy, and, thus
requires a therapy that has lower adverse side effects on renal
function or that does not have adverse side effect on renal
function at all. The reference amount applicable for an indi-
vidual subject may vary depending on various physiological
parameters such as age, gender, or subpopulation, as well as
on the means used for the determination of the ,olypeptides or
peptides referred to herein. A suitable reference amount may
be determined by the method of the present invention from a
reference sample to be analyzed together, 1.e., simultaneously
or subsequently, with the test sample. A preferred reference
amount serving as a threshold may be derived from the upper
limit of normal (ULN), i.e., the upper limit of the physiologi-
cal amount to be found in a population of apparently healthy
subjects. The ULN for a given population of subjects can be
determined by various well known techniques. A suitable
technique may be to determine the median of the population
for the peptide or polypeptide amounts to be determined in the
method of the present invention.

[0059] The reference amount defining a threshold amount
for L-FABP as referred to in accordance with the present
invention is, preferably, 6 ng/ml, more preferably, 10 ng/ml
and, most preferably, 8 ng/ml. If the amount of L-FABP is
related to the amount of urinary creatinine (ratio of urinary
L-FABP to urinary creatinine: [.-FABP/creatinine), then the
reference defining a threshold, preferably, is a urinary
L-FABP/creatinine ratio of 12 ug [-FABP/g creatinine, more
preferably, a ratio of 20 pg/g and, most preferably, a ratio of
16 ug/g.

[0060] A reference amount defining a threshold amount for
a natriuretic peptide and, in particular, for NT-proBNP, as
referred to in accordance with the present invention is, pref-
erably, 600 pg/ml, more preferably, 400 pg/ml and, most
preferably, 200 pg/ml.
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[0061] A reference amount defining a threshold amount for
acardiac troponin and, in particular, for troponin T as referred
to in accordance with the present invention is, preferably, 10
pg/ml, and, more preferably, 4 pg/ml and, most preferably, 6
pg/ml.

[0062] An amount of (i) L-FABP lower than the reference
amount (or, respectively, a L-FABP to creatinine ratio lower
than the reference ratio, L-FABP to creatinine), and (ii) and an
amount of the at least one further polypeptide of the group of
a natriuretic peptide and a cardiac troponin larger than the
reference amount is, preferably, indicative for a subject being
susceptible to a cardiac therapy. More preferably, an amount
of (i) L-FABP lower than the reference amount (or, respec-
tively, a L-FABP to creatinine ratio lower than the reference
ratio), and an amount of a natriuretic peptide and a cardiac
troponin larger than the reference amounts for a natriuretic
peptide and a cardiac troponin is, preferably, indicative for a
subject being susceptible to a cardiac therapy.

[0063] An amount of (i) L-FABP larger than the reference
amount (or, respectively, a L-FABP to creatinine ratio larger
than the reference ratio), and (ii) and an amount of the at least
one further polypeptide of the group of a natriuretic peptide
and a cardiac troponin lower than the reference amounts for a
natriuretic peptide (in particular NT-proBNP) and a cardiac
troponin (in particular troponin T) is, preferably, indicative
for a subject not being susceptible to a cardiac therapy. More
preferably, an amount of (i) L-FABP larger than the reference
amount (or, respectively, a L-FABP to creatinine ratio larger
than the reference ratio), and an amount of (ii) a natriuretic
peptide and a cardiac troponin lower than the reference
amounts for a natriuretic peptide and a cardiac troponin,
respectively, is indicative for a subject not being susceptible
to a cardiac therapy. Said subject, preferably, only suffers
from a mild heart failure (particularly, the patient may belong
to NYHA Class I or Class IT) that, preferably, does not require
an intensive pharmaceutical therapy with drugs as referred to
in the context of cardiac therapy. However, the subject shows
an impaired renal function as indicated by the amount of
L-FABP indicating the subject only shall take pharmaceuti-
cals without adverse side effects on renal function (or with
low adverse side effects on renal function) Preferably, the
subject is treated with beta adrenergic blockers. Also contem-
plated is a medication with low dosages of ACE inhibitors.
Said low dosages will be beneficial to his cardiac condition
and will impair renal function only to a low extend (see also
comments in the next paragraph). Moreover, by the described
therapy health care cost will be reduced.

[0064] In the case that the amounts of L-FABP and the at
least one further polypeptide from the group of cardiac
Troponins and a natriuretic peptide are larger than the refer-
ence amounts, the subject needs to be carefully monitored
with respect to his renal and cardiac condition. Said subject
requires a therapy that does not impair renal function or that
impairs renal function only to a low extend. Said subject shall
take pharmaceuticals against heart failure, however, the phar-
maceuticals to be taken need to be carefully adjusted consid-
ering both the insufficient renal and cardiac condition of the
subject. Preferably, pharmaceuticals shall be chosen that are
known to have low or no adverse side effects on renal function
and, thus with low or without nephrotoxicity (and thus with
low or without any impairment on renal function) such as
[-adrenergic blockers. Also contemplated are, preferably,
mild diuretics. Moreover, in order to limit adverse side effects
on renal function, the dosage of pharmaceuticals which
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impair renal function can be reduced. In general, the higher
the amount of L-FABP, the lower shall be the dosage of the
respective pharmaceutical to be administered. It is particular
contemplated to reduce the dosage of ACE (angiotensin con-
verting enzyme)-inhibitors (particularly of ACE inhibitors
that are or may be under certain circumstances nephrotoxic),
angiotensin-receptor blockers and non-steroidal anti-rheu-
matics. The dosage of the pharmaceuticals may be slowly
increased. However, when increasing the dosage, it is
required to monitor the effect of the increased dosage care-
fully. Moreover, a subject not being susceptible to a cardiac
therapy, preferably, shall take pharmaceuticals suitable for
ameliorating renal function such as Mesna (Uromitexan®).
Preferably, a subject not being susceptible to the administra-
tion ofthe pharmaceuticals, preferably, shall take pharmaceu-
ticals suitable for the treatment of heart failure but without
any or with low adverse side effects on renal function. Also
contemplated is that the subject is susceptible to the admin-
istration of reduced dosages of pharmaceuticals that suitable
for the therapy of heart failure but that have adverse side
effects on renal function in order to decrease the risk of
further renal damage. Taken together, patients with increased
U-L-FABP are required to be carefully monitored with
respect to their renal function, particularly when increasing
the dosage of nephrotoxic pharmaceuticals, in particular ACE
inhibitors.

[0065] In the case that the amounts of L-FABP and the at
least one further polypeptide from the group of cardiac
Troponins and a natriuretic peptide are lower than the refer-
ence amounts, the subject is susceptible to any form of car-
diac therapy as referred to herein. Since the subject, although
suffering from heart failure, has a relatively good cardiac
condition, the subject does not require an intensive treatment
with pharmaceuticals.

[0066] Advantageously, it was found in the studies under-
lying the present invention that the determination of L-FABP,
and at least one further polypeptide from the group of a
cardiac troponin and a natriuretic peptide is suitable for iden-
tifying a subject being susceptible for a cardiac therapy. The
aforementioned marker combination, allows both assessing
cardiac and renal function. Accordingly, the combination
allows choosing a pharmaceutical therapy which aims to
achieve a more favourable balance between the benefits of an
individual treatment regimen and the adverse effects. The
method of the present invention is more reliable than prior art
since it was shown that L-FABP and at least one further
polypeptide from the group of a cardiac troponin and a natri-
uretic peptide are required to reliably make decisions on the
treatment of patients suffering from heart failure. As it can be
seen on FIG. 1, the determination of L-FABP allows a more
reliable identification of subjects with impaired renal func-
tion than creatinine. By additionally determining a cardiac
marker in a sample of a subject, the cardiac condition can be
assessed. Particularly, the method of the present invention
allows to identify subjects susceptible to the administration of
nephrotoxic pharmaceuticals, i.e., pharmaceuticals that may
impair renal function as referred to herein and to decide on the
use and/or the dosage of pharmaceuticals, particularly ACE
inhibitors.

[0067] The method of the present invention is advanta-
geous since it allows for identifying those patients which do
nothave an apparent renal disease, which are, however, at risk
of suffering from renal failure as a consequence of the intake
of specific drugs referred to elsewhere herein. Although these
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drugs may have renoprotive effects for the majority of
patients, there is a subpopulation of patients who will not
benefit from the drugs. By carrying out the method of the
present invention, patients belonging to this subgroup can be
reliably identified.

[0068] The present invention, preferably, also relates to a
method on deciding on a treatment of a subject as referred to
above based on the aforementioned steps (thus, determining
the amounts of L-FABP, and at least one further polypeptide
from the group of a cardiac troponin and a natriuretic peptide
in a sample and comparing the amounts to reference
amounts). Therefore, the method of the present invention
allows to decide which pharmaceuticals should be taken by
the subject, e.g., to focus more on the treatment of heart
failure or to focus more on preventing further impairment of
renal function.

[0069] In a preferred embodiment of the method of the
present invention it is determined whether a subject who
already gets cardiac therapy (and, thus is being treated with
pharmaceuticals for cardiac therapy as referred to above, in
particular nephrotoxic ACE inhibitors), is susceptible to car-
diac therapy, comprising the steps of

[0070] a) determining the amounts of liver fatty acid bind-
ing protein (L-FABP), and of at least one further polypeptide
from the group of a cardiac troponin and a natriuretic peptide,
in at least one sample of a subject who suffers from heart
failure and is in need of a cardiac therapy,

[0071] b) comparing the amounts of the liver fatty acid
binding protein, and at least one further polypeptide from the
group of a cardiac troponin and a natriuretic peptide, as deter-
mined in step a) to suitable reference amounts, and

[0072] c) identifying a subject being susceptible to a car-
diac therapy.
[0073] The aforementioned method, particularly allows

monitoring subjects which suffer from heart failure and are
being treated with pharmaceuticals that impair renal function.
If renal function worsens, other pharmaceuticals or a lower
dosage of the administered pharmaceutical shall be consid-
ered.

[0074] Moreover, the present invention relates to a device
foridentifying a subject being susceptible to a cardiac therapy
adapted to carty out the method of the present invention
comprising means for determining the amounts of liver fatty
acid binding protein, and of least one further polypeptide
from the group of a cardiac troponin and a natriuretic peptide
in a sample of the subject who suffers from heart failure, and
means for comparing the amounts to suitable reference
amounts, whereby a subject being susceptible to cardiac
therapy is identified.

[0075] Theterm “device” as used herein relates to a system
of means comprising at least the aforementioned means
operatively linked to each other as to allow the prediction.
Preferred means for determining the amount of L-FABP, and
of at least one further polypeptide from the group of a cardiac
troponin and natriuretic peptides, and means for carrying out
the comparison are disclosed above in connection with the
method of the invention. Preferably, the device comprises
both means for determining the amounts of a natriuretic pep-
tide and means for determining the amounts of a cardiac
troponin. How to link the means in an operating manner will
depend on the type of means included into the device. For
example, where means for automatically determining the
amount of the peptides are applied, the data obtained by the
automatically operating means can be processed by, e.g., a



US 2011/0059539 A1

computer program in order to obtain the desired results. Pref-
erably, the means are comprised by a single device in such a
case. Said device may accordingly include an analyzing unit
for the measurement of the amount of the peptides or
polypeptides in an applied sample and a computer unit for
processing the resulting data for the evaluation. Alternatively,
where means such as test strips are used for determining the
amount of the peptides or polypeptides, the means for com-
parison may comprise control strips or tables allocating the
determined amount to a reference amount. The test strips are,
preferably, coupled to a ligand which specifically binds to the
peptides or polypeptides referred to herein. The strip or
device, preferably, comprises means for detection of the bind-
ing of the peptides or polypeptides to the ligand. Preferred
means for detection are disclosed in connection with embodi-
ments relating to the method of the invention above. In such a
case, the means are operatively linked in that the user of the
system brings together the result of the determination of the
amount and the diagnostic or prognostic value thereof due to
the instructions and interpretations given in a manual. The
means may appear as separate devices in such an embodiment
and are, preferably, packaged together as a kit. The person
skilled in the art will realize how to link the means without
further ado. Preferred devices are those which can be applied
without the particular knowledge of a specialized clinician,
e.g., test strips or electronic devices which merely require
loading with a sample. The results may be given as output of
raw data which need interpretation by the clinician. Prefer-
ably, the output of the device is, however, processed, i.e.,
evaluated, raw data the interpretation of which does not
require a clinician. Further preferred devices comprise the
analyzing units/devices (e.g., biosensors, arrays, solid sup-
ports coupled to ligands specifically recognizing the polypep-
tide, plasmon surface resonance devices, NMR spectrom-
eters, mass-spectrometers etc.) or evaluation units/devices
referred to above in accordance with the method of the inven-
tion.

[0076] Further encompassed by the present invention is a
kit for carrying out the method of the present invention com-
prising means for determining the amount of liver fatty acid
binding protein, and of at least one further polypeptide from
the group of a cardiac troponin and a natriuretic peptide in a
sample of a subject suffering from heart failure and means for
comparing the amounts to reference amounts, whereby a
subject being susceptible to a cardiac therapy is identified.

[0077] Theterm “kit” asused hereinrefers to a collection of
the aforementioned means, preferably, provided separately or
within a single container. The components of the kit may be
comprised by separate vials (i.e., as a kit of separate parts) or
provided in a single vial. Moreover, it is to be understood that
the kit of the present invention is to be used for practising the
methods referred to herein above. It is, preferably, envisaged
that all components are provided in a ready-to-use manner for
practising the methods referred to above. Further, the kit
preferably contains instructions for carrying out the methods.
The instructions can be provided by a user’s manual in paper-
or electronic form. For example, the manual may comprise
instructions for interpreting the results obtained when carry-
ing out the aforementioned methods using the kit of the
present invention.

[0078] Preferably, the kit comprises both means for deter-
mining the amounts of a natriuretic peptide and means for
determining the amounts of a cardiac troponin and means for
comparing the amounts to reference amounts.
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[0079] Furthermore, the present invention relates to the use
of liver fatty acid binding protein, and of at least one further
polypeptide from the group of'a cardiac troponin and a natri-
uretic peptide, or of means for determining the amount of
liver fatty acid binding protein, and of at least one further
polypeptide from the group of a cardiac troponin and a natri-
uretic peptide for the manufacture of a diagnostic composi-
tion for identifying a subject being susceptible to a cardiac
therapy.

[0080] The definitions and explanations given above apply
mutatis mutandis to the following.

[0081] Furthermore, the present invention also relates to a
method for identifying a subject being susceptible to the
administration of a contrast medium comprising the steps of

[0082] a) determining the amounts of liver fatty acid
binding protein, and of at least one further polypeptide
from the group of a cardiac troponin and a natriuretic
peptide in a sample of a subject,

[0083] b)comparing the amounts of liver fatty acid bind-
ing protein (L-FABP) and the at least one further
polypeptide determined in step a) to suitable reference
amounts, and

[0084] c) identifying a subject being susceptible to the
administration of a contrast medium.

[0085] Theterm “contrast medium” is known by the skilled
person. The term, preferably, relates to any substance that is
deemed appropriate, when administered to a subject, to
increase the contrast, preferably, in X-ray imaging by affect-
ing the attenuation of X-rays, and, therefore, to enhance the
visibility of structures and fluids. Preferably, a contrast
medium is a non-iodine based contrast medium and more
preferably, an iodine based contrast medium.

[0086] Preferably, the administration of a contrast medium,
particularly, of an iodine based contrast medium, is for com-
puted tomography, and, even more preferably, for angiogra-
phy, and most preferably, for coronary angiography. Further
contemplated by the present invention is the administration of
a suitable contrast medium for ultrasonic examination or
magnetic resonance imaging (MRI).

[0087] Preferably, the amounts of the biomarkers as
referred to above are determined in at least one sample that are
obtained prior to the intended administration of a contrast
medium, more preferably, at least one hour, at least eight
hours, and, most preferably, at least 24 prior to the intended
administration.

[0088] All references cited in this specification are here-
with incorporated by reference with respect to their entire
disclosure content and the disclosure content specifically
mentioned in this specification.

[0089] The following examples shall merely illustrate the
invention. They shall not be construed, whatsoever, to limit
the scope of the invention.

EXAMPLE 1

[0090] The amounts of serum N'T-proBNP, serum troponin
T, urinary L-FABP and creatinine were determined in 165
patients with heart failure. Moreover, the biomarkers were
determined in healthy individuals (FIG. 1). In subjects with
heart failure, U-L-FABP as a marker for tubular damage did
not correlate stringently with creatinine, a marker for the
renal excretion rate. Also, U-L-FABP did not correlate strin-
gently with NT-proBNP and troponin T. Of the patients ana-
lyzed, 41 had an U-L-FABP to Creatinine ratio lower than 5.6
g (5.6 ug/g: 75™ percentile of a population with healthy
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subjects), and 124 had an U-L-FABP to creatinine ratio larger
than 5.6 pg/g. Patients with increased U-L-FABP are required
to be carefully monitored with respect to their renal function.
[0091] Themeasurement of (1) U-L-FABP, and (i1) troponin
T and/or NT-proBNP allows assessing both tubular damage
and cardiac function. Based on the measurements, decisions
on the administration of pharmaceuticals for the treatment of
heart failure and on the dosage of these pharmaceuticals can
be made in order to achieve a more favourable balance
between the benefits and the adverse side effects of pharma-
ceuticals that may impair renal function.

EXAMPLE 2

[0092] A 62 years old patient with known coronary artery
disease and established heart failure a serum NT-proBNP
level of 195 pg/ml and a serum troponin T level of 5 pg/ml.
The patient has a daily intake of the ACE-inhibitor Lisinopril
of 20 mg. The daily intake, however, shall be increased to 40
mg. The plasma creatinine level (1.1 mg/dl) as well as the
creatinine clearance (75 ml/min) are determined indicating
that that the patient does not have an apparent renal disorder.
The urine L-FABP level is determined (10.5 pg/g creatinine).
Four weeks after increasing the daily intake of Lisinopril, the
aforementioned parameters are determined again (creatinine
1.8 mg/dl; U-L-FABP/creatinine 12 pg/g. Since there is a risk
of acute renal failure, the daily intake of Lisinopril is reduced
to 20 mg and an AT blocker is administered.

EXAMPLE 3

[0093] A 64 years old female patient with known coronary
artery disease (systolic dysfunction, NT-proBNP 800 pg/ml,
troponin T 12 pg/ml, plasma creatinine 1.1 mg/dl) presents at
her cardiologist. The patient has already a daily intake of
Lisinopril of 20 mg. Due to the increased level levels of
NT-proBNP and TroponinT, the daily intake of the Lisinopril
shall be increased to 40 or even 60 mg. The U-L-FABP level
is determined (7 pg/g creatinine). Six weeks after increasing
the daily intake to 40 mg, the creatinine level as well as the
U-L-FABP level remain nearly unchanged (creatinine 1.1
mg/dl, U-L-FABP 6 pg/g creatinine). In the following the
daily intake is increased to 60 mg. Even the second dose
increase does not significantly alter the creatinine and U-L-
FABP levels. The NT-proBNP and troponin T levels, how-
ever, are decreased as compared to the first examination (NT-
proBNP 720 pg/ml, troponin T 9 pg/ml). Thus, the patient
benefits from the therapy.

What is claimed is:

1. A method for identifying susceptibility of a subject to
cardiac therapy without a risk of adverse side-effects on renal
function, wherein the subject is suffering from heart failure,
the method comprising the steps of

determining an amount of liver fatty acid binding protein

(L-FABP) and an additional polypeptide from the group
consisting ofa cardiac troponin and a natriuretic peptide
in a sample from the subject,

comparing the amount of the L-FABP determined to a

reference amount of L-FABP and comparing the amount
of additional polypeptide determined to a reference
amount of additional polypeptide wherein susceptibility
of the subject to cardiac therapy is indicated when the
determined amount of L-FABP is lower than the refer-
ence amount of L-FABP and when the determined
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amount of the additional polypeptide is greater than the
reference amount of additional polypeptide.

2. The method of claim 1, wherein the reference amount for
L-FABP s 8 ng/ml, and wherein the cardiac troponin is tropo-
nin T and the reference amount for troponin T is 6 pg/ml, and
wherein the natriuretic peptide is NT-proBNP and the refer-
ence amount for NT-proBNP is 200 pg/ml.

3. The method of claim 1, wherein the subject is without an
apparent renal disorder.

4. The method of claim 1, wherein the cardiac therapy is
administration of a pharmaceutical for treatment of heart
failure.

5. The method of claim 4, wherein the pharmaceutical is an
angiotensin-converting enzyme (ACE) inhibitor.

6. The method of claim 1 wherein the cardiac troponin is
troponin T and the natriuretic peptide is NT-proBNP.

7. The method of claim 1, wherein the L-FABP is deter-
mined in a urine sample and the additional polypeptide is
determined in a blood, blood serum, or plasma sample.

8. A method for identifying susceptibility of a subject to
cardiac therapy without a risk of adverse side-effects on renal
function, wherein the subject is suffering from heart failure,
the method comprising the steps of

determining amounts of liver fatty acid binding protein
(L-FABP), a cardiac troponin, and a natriuretic peptide
in a sample from the subject,

comparing the amount of the L-FABP determined to a
reference amount of L-FABP;comparing the amount of
the cardiac troponin determined to a reference amount of
cardiac troponin, and comparing the amount of the natri-
uretic peptide determined to a reference amount of natri-
uretic peptide wherein susceptibility of the subject to
cardiac therapy is indicated when the determined
amount of L-FABP is lower than the reference amount of
L-FABP, when the determined amount of cardiac tropo-
nin is greater than the reference amount of cardiac tropo-
nin, and when the determined amount of natriuretic pep-
tide is greater than the reference amount of natriuretic
peptide.

9. The method of claim 8, wherein the reference amount for
L-FABP is 8 ng/ml, and wherein the cardiac troponin is tropo-
nin T and the reference amount for troponin T is 6 pg/ml, and
wherein the natriuretic peptide is NT-proBNP and the refer-
ence amount for NT-proBNP is 200 pg/ml.

10. A device for identifying susceptibility of a subject to
cardiac therapy without a risk of adverse side-effects on renal
function, wherein the subject is suffering from heart failure,
the device adapted to carry out the method of claim 1, com-
prising
means for determining an amount of liver fatty acid bind-
ing protein (L-FABP) and an additional polypeptide
from the group consisting of a cardiac troponin and a
natriuretic peptide in a sample from the subject and

means for comparing the amount of the L-FABP deter-
mined to a reference amount of L-FABP and comparing
the amount of additional polypeptide determined to a
reference amount of additional polypeptide, whereby
the susceptibility of the subject is identified.

11. A kit for identifying susceptibility of a subject to car-
diac therapy without a risk of adverse side-effects on renal
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function, wherein the subject is suffering from heart failure,

means for comparing the amount of the L-FABP deter-
according to the method of claim 1, the kit comprising

mined to a reference amount of L.-FABP and comparing
instructions to carry out the method, the amount of additional polypeptide determined to a
means for determining an amount of liver fatty acid bind- reference amount of additional polypeptide, whereby
ing protein (L-FABP) and an additional polypeptide the susceptibility of the subject is identified.
from the group consisting of a cardiac troponin and a

natriuretic peptide in a sample from the subject and ok ok k%
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