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Fig. 7:
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Fig. 8:

A B C

1 45 1,31
2 90 1,39
3 42 1,56
4 73 2,67
5 125 1,23
6 81 1,60
7 134 1,88
8 48 1,35
9 71 1,95
10 73 2,28
11 57 1,55
12 795 1,78
13 80 1,60
14 309 3,66
15 718 2,28
16 20 0,94
17 15 0,74
18 26 0,52
19 53 0,90
20 148 0,94
21 124 3,42
22 108 1,11
23 104 1,59
24 209 1,29
25 41 0,72
26 53 1,48
27 42 1,15
28 208 0,51
29 107 1,19
30 194 1,08
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TIMP-4 AS A BIOMARKER FOR THE
DIAGNOSIS OF CARDIAC INSUFFICIENCY

[0001] The invention relates to the use of the plasma con-
centration of “tissue inhibitor of metalloproteinase-4”
(TIMP-4)" as a biomarker for the diagnosis of diastolic and
systolic heart failure (DHF, SHF), right heart failure, left heart
failure, and global heart failure (GHF) of acute or chronic
intensity, and of the underlying cardiomyopathies, such as
myocarditis and hypertrophic cardiomyopathy (HCM),
dilatative cardiomyopathy (DCM), arrhythmogenic right
ventricular cardiomyopathy (ARVCM), restrictive cardiomy-
opathy (RCM). The invention further relates to the diagnosis
of right heart hypertrophy and right heart failure due to pul-
monary artery hypertension (PAH), pulmonary hypertension
in left heart disease, pulmonary hypertension associated with
hypoxia, pulmonary hypertension due to chronically throm-
botic and/or embolic diseases and pulmonary hypertension
due to sarcoidosis, histiocytosis X, lymphangioleiomyoma-
tosis.
[0002] Theterm “biomarkers for the diagnosis of” includes
in this context in particular the following usages:
[0003] diagnosis of the aforementioned diseases and
pathological changes
[0004] determination of the severity of the aforemen-
tioned diseases and pathological changes
[0005] monitoring of the effects of interventions, such as
pharmacotherapy, surgery, use of medicinal products
and measures accompanying therapy, on the aforemen-
tioned diseases and pathological changes
[0006] wuse as a surrogate marker, which replaces the
determination of another parameter, which helps to
assess the aforementioned diseases and pathological
changes.

Heart Failure

[0007] A number of factors can lead to development of the
various forms of heart failure and their progression. Often
events such as a local ischaemic attack (myocardial infarc-
tion) or viral myocarditis damage the heart muscle irrevers-
ibly and thus form the basis for development of the disease,
but also insidious processes, such as persistent arterial hyper-
tension or pulmonary artery hypertension lead to far-reaching
changes in the homeostasis of the body. The increased volume
load on the heart is compensated initially by myocardial
hypertrophy, but finally leads to insidious damage of the
cellular structures of the heart. As the most important patho-
logical changes within the scope of these processes, we may
mention neurohormonal changes?, local and systemic inflam-
mation , necrosis and apoptosis of cardiomyocytes** and
effects on renal electrolyte and water excretion®. The afore-
mentioned damaging effects lead to activation of a gradual
process of reconstruction of the heart tissue, the consequence
of which is the deposition of collagenous structures in the
myocardium and therefore has an adverse effect on various
aspects of the functionality of the heart’. Interstitial fibrosis
leads on the one hand to a stiffening of the myocardium and
thus to restricted contractility, but on the other hand also
hampers electrophysiological stimulus transport and there-
fore the excitation of the cardiomyocytes, which causes addi-
tional lowering of the pumping performance of the heart. As
the final consequence, manifest heart failure is characterized
by restricted pumping function of the heart, which leads to
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decreased blood flow and therefore inadequate supply of
oxygen nutrients to the organs and in consequence physical
fitness is restricted slightly to very considerably. Overall,
heart failure is a progressive disease, which in addition to
severe limitation of the patient’s fitness and in some circum-
stances severe impairment of quality of life is associated with
a very poor prognosis®,

[0008] For classification of the degrees of severity of heart
failure, the proposal of the New York Heart Association
(NYHA) for classifying patients in four classes has been
widely adopted. Patients in the NYHA classes are character-
ized by:

[0009] NYHA I—=Asymptomatic initial stage of heart
failure, which can only be detected by special diagnostic
methods.

[0010] NYHA II—Limitation of physical activity as a
result of more severe physical exertion

[0011] NYHA III-=The patient is asymptomatic when at
rest, but there is limitation of physical activity as a result
of normal physical exertion.

[0012] NYHA IV—=The patient is unable to carry on any
physical activity, as even at rest there are severe symp-
toms, so that as a rule bed rest is indicated.

[0013] The matrix metalloproteinases (MMPs) and their
endogenous inhibitors the “tissue inhibitors of metallopro-
teinases” (TIMPs) play an important role in the structural
reorganization of the heart tissue. Matrix metalloproteinases,
which are also called matrixins, represent a family of Ca**-
dependent and Zn**-dependent endopeptidases, which cleave
a large number of proteins, in particular constituents of the
extracellular matrix®. The local degradation of extracellular
matrix is regulated by the expression of MMPs, by proteolytic
activation of the MMP pro-enzymes and by deactivation of
the MMPs based on binding of endogenous inhibitors, such as
o.2-macroglobulins or TIMPs'®'*, TIMPs bind non-co-
valently in a stoichiometric ratio of 1:1 to MMPs and thus
block potential substrates’ access to the catalytic domain.
[0014] Significantly increased MRNA and protein expres-
sion of MMP-2 and its inhibitor TIMP-1 has been observed in
the hearts of HF patients'>"?. Furthermore, it was shown in
various clinical studies that there is a correlation between the
severity of heart failure and the patient’s plasma MMP-2 and
TIMP-1 concentrations**”.

Treatment of Heart Failure

[0015]
[0016]
[0017]

Therapy for heart failure is directed essentially at

1. reducing the volume load on the heart

2. improving the energy balance of the heart

[0018] 3. improving the contractility of the heart
[0019] These aims can be achieved with drug therapies,
surgical intervention and measures accompanying therapy.
The pharmacological, evidence-based therapy of chronic
heart failure of NYHA classes [-1V is characterized by theuse
of inhibitors of the angiotensin-converting enzyme (ACE
inhibitors), beta-receptor antagonists ([3-blockers) and aldos-
terone antagonists. Diuretics, cardiac glycosides, angiotensin
receptor antagonists, vasodilators and anticoagulants are also
used, depending on symptoms and concomitant diseases’®.
[0020] Ifthe possibilities of pharmacotherapy do not result
in stabilization of symptoms in patients with terminal failure,
depending on the type of disease the last life-sustaining treat-
ment option is implantation of pacemaker systems, support-
ing pumping systems, so-called “ventricular assist devices”
(VAD) or heart transplant.
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[0021] Biventricular Pacemakers

[0022] HF patients of NYHA classes III and IV with an
ejection fraction of =35%, who additionally have ECG
abnormalities such as non-synchronized contractions of the
ventricles, benefit from implantation of a biventricular pace-
maker in addition to pharmacotherapy. This resynchroniza-
tion therapy leads as a rule to a marked improvement of
symptoms and is therefore associated with a gain in quality of
life. Furthermore, the implantation of a biventricular pace-
maker system improves patients” prognosis and has been
demonstrated to reduce their rehospitalization rate and mor-
tality**.

[0023] Left Ventricular Assist Devices (LVAD)

[0024] In cases in which, even with pharmacotherapy and
the use of other therapeutic measures, the heart does not
produce adequate ejection performance and as a result the
coronaries of the heart and the organs of the body are under-
perfused, there is the possibility of implanting battery-pow-
ered intra- or extracorporeal pumping systems, for mechani-
cal support or replacement of heart function™. Ideally the
reduction in load brought about by the LVAD leads to nor-
malization of gene expression in the tissues of the heart,
abatement of local inflammatory processes, inhibition of
active rearrangement processes of the working myocardium
and thus enables the heart to regenerate. The support of car-
diac function by the LVAD as arule improves patients’ overall
condition to the extent that intensive medical care in hospital
is no longer required®'. In particular for patients who are on
the heart transplant list and are waiting for a suitable donor
heart, LVAD implantation represents an important life-sus-
taining measure™. I VADs are fitted between the left ventricle
and the aorta.

[0025] Transplantation

[0026] Heart transplantation or the implantation of an arti-
ficial heart represents the final option for preserving the life of
patients with terminal heart failure, who are dependent on
intensive medical care in hospital.

Prior Art: Role of Biomarkers in the Diagnosis of
Heart Failure

[0027] For the diagnosis of heart failure, a number of dif-
ferent methods are available, each of which is able to assess a
particular functional parameter of the heart. In addition to
methods that can already be carried out by the general prac-
titioner, such as resting echocardiogram (echoCG) and exer-
cise echoCG, more expensive differential-diagnostic imaging
methods, such as magnetic resonance tomography (MRT)
and cardiac catheterization coupled with angiography play an
important role. In each case, biochemical assessment of vari-
ous plasma parameters makes an important contribution to
the diagnosis. Along with determination of the concentration
of electrolytes and proinflammatory cytokines and chemok-
ines, the detection of neurohumoral proteins is also very
important. As representatives of this protein class, we may
mention atrial natriuretic peptide (ANP) and B-type natri-
uretic peptide (BNP), which are currently the only recognized
plasma markers for hospital assessment of heart failure. The
BNP precursor hormone pre-proBNP is secreted by cardi-
omyocytes when they are subjected to anincreased distension
stimulus, such as occurs for example with increased volume
load on the heart. In the circulation, the pre-proBNP is
cleaved enzymatically into vasoactive BNP (C-terminus of
pre-proBNP) and the biologically inactive NT-proBNP
(N-terminus of pre-proBNP)**. Both the plasma concentra-
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tion of NT-proBNP and that of the biologically active BNP
correlate very well with cardiac output. However, as the half-
life of NT-proBNP is much greater than that of BNP, auto-
mated NT-proBNP analysis has been adopted in everyday
hospital practice. For patients in all age groups, an
NT-proBNP level of <300 pg/mL is regarded as an indicator
that chronic heart failure can be ruled out with 83% probabil-
ity. NT-proBNP concentrations above a limit of 900 pg/mL
indicate, with 87% probability, the existence of chronic heart
failure™®. However, as the BNP plasma concentration only
provides information on the volume load on the heart,
whereas the manifestation of heart failure is characterized
decisively by fibrotic remodelling of the heart tissue, these
neurohumoral markers only reflect a partial aspect of the
disease. Moreover, the predictive value of the plasma BNP or
NT-proBNP level is limited by the fact that increased release
of natriuretic peptides also occurs in diseases other than heart
failure. In particular in impairment of renal function to a
glomerular filtration rate <60 m[/min, significantly increased
BNP plasma concentrations occur”>. Moreover, non-alcohol-
induced liver cirrhosis®®, intense physical loads®’, type I dia-
betes mellitus®® and the infusion of quite large amounts of
fluid lead to a rise in BNP level. Assessment of the BNP
plasma concentration is additionally complicated by the fact
that there is an inverse correlation between the “body mass
index” (BMI) and the BNP or NT-proBNP plasma levels®”.

Statement of the Problem

[0028] The invention is based on the problem of overcom-
ing the aforementioned disadvantages and limitations of the
prior art, in particular the limitations of diagnosis based on the
BNP and NT-proBNP level, and of identifying a plasma
marker that can be employed for the diagnosis ofheart failure.
Furthermore, the identified HF plasma marker should supple-
ment, or replace in the sense of a surrogate marker, the infor-
mation that can be obtained by an imaging or other kind of
diagnostic method.

[0029] The problem was solved according to the invention,
in that it was shown that it is possible to distinguish between
healthy test subjects and patients with heart failure on the
basis of the TIMP-4 plasma concentrations. Owing to the
biological function of TIMP-4, TIMP-4 gives a better indica-
tion of the fibrotic remodelling of the heart than for example
NT-proBNP and is unaffected by the volume load. This means
for example that the diagnosis is not affected by previous
infusion or diabetes. Moreover, in patients with heart failure
the TIMP-4 plasma concentrations were correlated with func-
tional parameters of the heart that had been acquired by
imaging or other kinds of diagnostic methods.

[0030] Theinventionrelates to methods of using TIMP-4 as
a biomarker for the diagnosis of heart failure in a mammal,
comprising the following stages:

[0031] a) Preparation of a sample to be diagnosed from a
mammal
[0032] b) Determination of the amount of TIMP-4 in the

sample to be diagnosed

[0033] c) Preparation of a control sample

[0034] d) Determination of the amount of TIMP-4 in the
control sample

[0035] ) Comparison of the amount of TIMP-4 in the
sample to be diagnosed with the control sample

[0036] ) Diagnosis of heart failure based on comparison
of the amount of TIMP-4 in the sample to be diagnosed
in comparison with the control sample.
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[0037] The invention also relates to methods of using
TIMP-4 as a biomarker for the diagnosis of heart failure in a
mammal, comprising the following stages:

[0038] a) Obtaining a sample to be diagnosed from a
mammal
[0039] b) Determination of the amount of TIMP-4 in the

sample to be diagnosed
[0040] c¢) Comparison of the amount of TIMP-4 in the
sample to be diagnosed with the control sample
[0041] d)Diagnosis of heart failure based on comparison
of the amount of TIMP-4 in the sample to be diagnosed
in comparison with the control sample.
[0042] The invention additionally relates to methods of
using TIMP-4 as a biomarker for the diagnosis of heart failure
in a mammal, comprising the following stages:
[0043] a) Determination of the amount of TIMP-4 in the
sample to be diagnosed obtained from a mammal
[0044] b) Determination of the amount of TIMP-4 in the
control sample obtained from a mammal
[0045] c) Comparison of the amount of TIMP-4 in the
sample to be diagnosed with the control sample
[0046] d)Diagnosis of heart failure based on comparison
of the amount of TIMP-4 in the sample to be diagnosed
in comparison with the control sample.
[0047] The invention also relates to methods of using
TIMP-4 as a biomarker for the diagnosis of heart failure in a
mammal, comprising the following stages:
[0048] a) Determination of the amount of TIMP-4 in the
sample to be diagnosed obtained from a mammal
[0049] b) Comparison of the amount of TIMP-4 in the
sample to be diagnosed with the control sample
[0050] c)Diagnosis of heart failure based on comparison
of the amount of TIMP-4 in the sample to be diagnosed
in comparison with the control sample.
[0051] The method according to theinvention describes the
use of TIMP-4 as a biomarker for the diagnosis of heart
failure. The use of TIMP-4 as a diagnostic biomarker is based
on comparison of the amount of TIMP-4 in a sample to be
diagnosed with the amount of TIMP-4 in a control sample or
a TIMP-4 control value. Heart failure is diagnosed by com-
paring the amount of TIMP-4 in the sample to be diagnosed
and the amount of TIMP-4 in the control sample. A difference
in comparison of the TIMP-4 control value (obtained from the
control sample) and the amount of TIMP-4 from the sample to
be diagnosed permits the diagnosis of heart failure. The
amount of TIMP-4 can be compared on the basis of the
relative or absolute amount of TIMP-4. The absolute amount
of TIMP-4 can be determined by means of a standard cali-
bration curve, for which known amounts of TIMP-4 are used.
A person skilled in the art knows from the prior art how to
carry out such experiments.
[0052] In a preferred embodiment, heart failure is diag-
nosed if the amount of TIMP-4 in the sample to be diagnosed
is higher than in the control sample, an increase by a factor of
at least 1.5; 2; 2.5; 5; 7.5 or >10 being especially preferred.
[0053] The sample to be diagnosed and the control sample
are obtained from a mammal. In a preferred embodiment of
the invention the sample to be diagnosed and the control
sample consist of a body fluid, blood being especially pre-
ferred, or samples obtained therefrom, such as serum or
plasma.
[0054] Inanespecially preferred embodiment the sample to
be diagnosed and the control sample are from a human being.

Feb. 25,2010

The sample to be diagnosed and the control sample are
obtained from analogous tissues, or body fluids.

[0055] In a preferred embodiment the normal or control
values for TIMP-4 are obtained using the control sample that
originates from healthy mammals. The control sample can be
obtained by collecting several separate or even combined
samples from mammals. A person skilled in the art knows
how many samples must be used in order to achieve a statis-
tically significant result. In another embodiment the control
sample can be taken at an earlier time point or the amount of
TIMP-4 can be determined in one or more control samples or
the TIMP-4 control value can be determined at an earlier time
point and for example stored in a database, an internet pub-
lication, in a manner permitting electronic acquisition orina
publication.

[0056] In an especially preferred embodiment the amount
of TIMP-4 is determined via the amount of TIMP-4 polypep-
tide in the sample. A person skilled in the art knows methods
from the prior art, for detecting polypeptides quantitatively.
Examples are antibody-based methods such as ELISA, RIA
or Western Blot. Another method is for example Planar Wave
Guide Technology. A person skilled in the art knows methods
from the prior art for producing anti-TIMP-4 antibodies.
Wherein a TIMP-4 polypeptide is selected from a group
comprising a polypeptide with the sequence of SEQ IDNO:1,
a polypeptide that includes the sequence of SEQ ID NO:1, a
polypeptide that is encoded by a TIMP-4 polynucleotide
(SEQ ID NO:2), and polypeptides that have at least 99%,
98%, 95%, 90%, 88% or 80% identity with one of the afore-
mentioned TIMP-4 polypeptides. The TIMP-4 polypeptide
sequence is described in reference’.

[0057] In another embodiment the amount of TIMP-4 is
determined via the amount of TIMP-4 polynucleotide in the
sample. A person skilled in the art knows methods from the
prior art for detecting polynucleotides quantitatively.
Examples are Northern blot, real-time PCR or TaqMan.
Another method is for example Planar Wave Guide Technol-
ogy.

[0058] The method according to the invention is especially
preferred for the diagnosis of heart failure selected from the
group comprising diastolic and systolic heart failure (DHF,
SHF), right heart failure, left heart failure, and global heart
failure (GHF) of acute or chronic intensity, and of the under-
lying cardiomyopathies, such as myocarditis and hyper-
trophic cardiomyopathy (HCM), dilatative cardiomyopathy
(DCM), arrhythmogenic right ventricular cardiomyopathy
(ARVCM), restrictive cardiomyopathy (RCM) and right
heart hypertrophy and right heart failure due to pulmonary
artery hypertension (PAH), pulmonary hypertension in left
heart disease, pulmonary hypertension associated with
hypoxia, pulmonary hypertension due to chronically throm-
botic and/or embolic diseases and pulmonary hypertension
due to sarcoidosis, histiocytosis X, lymphangioleiomyoma-
tosis.

[0059] Ina preferred embodiment the method according to
the invention is used for the diagnosis of the aforementioned
diseases and pathological changes.

[0060] In another preferred embodiment the method
according to the invention is used for the diagnosis of the
severity of the aforementioned diseases and pathological
changes. In this embodiment itis possible to determine, as the
TIMP-4 control sample or as the TIMP-4 control value, the
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amount of TIMP-4 in sick mammals, which are classified in
defined groups according to particular criteria, for example
the criteria of the NYHA.

[0061] Inanother preferred embodiment TIMP-4 is used as
a therapy-accompanying biomarker in the method according
to the invention for the diagnosis and monitoring of the effects
of interventions, such as pharmacotherapy, surgery, the use of
medicinal products and measures accompanying therapy for
the aforementioned diseases and pathological changes. Inthis
embodiment a sample to be diagnosed can be taken several
times, i.e. in the course of therapy, and analysed by the
method according to the invention. If the amount of TIMP-4
does not change, or only changes insignificantly, during a
therapy, the therapy can be regarded as unsuccessful. If this is
the case, repeat therapy with another dosage, for example an
increased dose, or another dosage form can be considered.
Moreover, anadditional or another therapy can be considered.
The method according to the invention can also be used in
clinical studies for diagnosing the outcome of a therapy. This
object of the invention comprises methods of using TIMP-4
as abiomarker for the diagnosis of the efficacy of a therapy for
heart failure in a mammal, comprising the following stages:

[0062] a) Administration of a therapy for heart failure

[0063] b) Obtaining one or more further samples to be
diagnosed from the treated mammal

[0064] c¢) Determination of the amount of TIMP-4 in the
samples to be diagnosed

[0065] d) Preparation of a control sample

[0066] e) Determination of the amount of TIMP-4 in the
control sample

[0067] f) Comparison of the amount of TIMP-4 in the
samples to be diagnosed with the control sample

[0068] g) Diagnosis of the therapeutic outcome based on
comparison of the amount of TIMP-4 in the samples to
be diagnosed in comparison with the control sample.

[0069] The invention also relates to methods of using
TIMP-4 as a biomarker for the diagnosis of the efficacy
of a therapy for heart failure in a mammal, comprising
the following stages:

[0070] a) Administration of a therapy for heart failure

[0071] b) Obtaining one or more further samples to be
diagnosed from the treated mammal

[0072] c) Determination of the amount of TIMP-4 in the
samples to be diagnosed

[0073] d) Comparison of the amount of TIMP-4 in the
samples to be diagnosed with the control sample

[0074] e) Diagnosis of the therapeutic outcome based on
comparison of the amount of TIMP-4 in the samples to
be diagnosed in comparison with the control sample.

[0075] The invention also relates to methods of using
TIMP-4 as a biomarker for the diagnosis of the efficacy of a
therapy forheart failure in a mammal, comprising the follow-
ing stages:

[0076] a) Determination of the amount of TIMP-4 in one
or more samples to be diagnosed obtained from a mam-
mal, which has received a therapy for heart failure

[0077] b) Comparison of the amount of TIMP-4 in the
samples to be diagnosed with the control sample

[0078] c) Diagnosis of the therapeutic outcome based on
comparison of the amount of TIMP-4 in the samples to
be diagnosed in comparison with the control sample.

[0079] In another preferred embodiment the method
according to the invention can be used as a surrogate marker,
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which replaces the determination of another parameter,
which helps to assess the aforementioned disease and patho-
logical changes.

[0080] In another embodiment the method according to
the invention can be combined with one or more known
clinical markers and methods of diagnosis selected from
the group comprising blood pressure, heart rate, sys-
temic vascular resistance, fractional shortening (FS),
end-diastolic diameter (EDD), end-systolic diameter
(ESD), ¢jection fraction (EF), left ventricular contrac-
tility (LVC), systolic pulmonary artery pressure (PAP-
+vs)s diastolic pulmonary artery pressure (PAP ), left
ventricular end-diastolic pressure (LVEDP), six-minute
walk test, spiroergometry, metabolites, BNP, CRP, ANP,
electrocardiogram (ECG), positron emission tomogra-
phy (PET), computed tomography (CT), magnetic reso-
nance tomography (MRT), functional magnetic reso-
nance tomography (fMRT), diffusion tensor imaging
(DT-MRT), echocardiography, ultrasound and imped-
ance cardiography.

FIGURES

[0081] FIG. 1:

[0082] The TIMP-4 concentration (Copzpa) (Y=Crmsmp.a
[ng/mL])in serum samples from patients whose NT-pro-BNP
was below a limit of 1000 pg/mL (Group A) was compared
with the TIMP-4 concentrations of patients with raised N'T-
pro-BNP levels (>1000 pg/mL) (Group B). The black box
represents 50% of all individual values (25th-75th percen-
tile), the white bar indicates the median, the end of the vertical
line shows the lowest and highest measured value. (A: Group
A; B: Group B; Y: TIMP-4 concentration [ng/mL])

[0083] FIG.2:

[0084] The NT-proBNP concentration (Cxzpomne)
(Y=Cxrpromne [pg/mL]) of the two groups of samples that
were employed for determining the TIMP-4 levels (FIG. 1),
are shown. The black box represents 50% of all individual
values (25th-75th percentile), the white bar indicates the
median and the end of the vertical line shows the lowest and
highest measured value. (A: Group A; B: Group B; Y: NT-
proBNP concentration [pg/mL])

[0085] FIG. 3:

[0086] The TIMP-4 concentration (¢zpuzp.) (Y=Crmzp.a
[ng/mL]) in serum samples from test subjects without heart
failure (Group C) and from patients with terminal heart fail-
ure before LVAD implantation (Group D) is shown. The black
box represents 50% of all individual values (25th-75th per-
centile), the white bar indicates the median and the end of the
vertical line shows the lowest and highest measured value. (C:
Group C; D: Group D; Y: TIMP-4 concentration [ng/mL])
[0087] FIG. 4:

[0088] The TIMP-4 (crpmzpa) (Y=Crmppa [ng/ml]) in
serum samples from test subjects without heart failure (Group
E) and from patients suffering from pulmonary hypertension-
induced right heart failure (Group F) is shown. The black box
represents 50% of all individual values (25th-75th percen-
tile), the white bar indicates the median and the end of the
vertical line shows the lowest and highest measured value. (E:
Group E; F: Group F; Y: TIMP-4 concentration [ng/mL])

[0089] FIG.S:
[0090] SEQ ID NO:1 Human TIMP-4 polypeptide
sequence
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[0091] FIG.6:

[0092] SEQ ID NO:2 Human TIMP-4 polynucleotide
sequence

[0093] FIG.7:

[0094] Paired sequence comparison of the TIMP-4

polypeptides of different mammals. The table lists the results
of a TIMP-4 polypeptide sequence comparison of various
mammals (A: Homo sapiens; B: Pan troglodytes; C: Macaca
mulatta, D: Bos taurus; B: Canis familiaris, F: Felis catus; G:
Mus musculus; H: Rattus norvegicus; 1: Oryctolagus cunicu-
lus). The comparison is expressed as % identity. For example,
the human sequence (A: Homo sapiens) shows an identity of
88.8% to the mouse sequence (G: Mus musculus).

[0095] FIG. 8:

[0096] Table of the measured values of Group A (serum
samples from patients with NT-pro-BNP below a limit of
1000 pg/mL), of the measurements shown in F1G. 1 and 2 and
measurements carried out in Example 1. Symbols A: sample
number; B: concentration of NT-proBNP [pg/mL]; C: con-
centration of TIMP-4 [ng/mL].

[0097] FIG.9:

[0098] Table of the measured values of Group B (serum
samples from patients with NT-pro-BNP of >1000 pg/mL), of
the measurements shown in FIG. 1 and 2 and carried out in
Example 1. Symbols A: sample number; B: concentration of
NT-proBNP [pg/mL]; C: concentration of TIMP-4 [ng/mL].
[0099] FIG. 10:

[0100] Table of the measured values of Group C (serum
samples from test subjects without heart failure), the mea-
surements shown in FIG. 3 and carried out in Example 2.
Symbols A: patient number; B: concentration of TIMP-4

[ng/mL].
[0101] FIG.11:
[0102] Table of the measured values of Group D (serum

samples from patients with terminal heart failure before
LVAD implantation), of the measurements shown in FIG. 3
and carried out in Example 2. Symbols A: patient number; B:
concentration of TIMP-4 [ng/mL].

[0103] FIG.12:

[0104] Table of the measured values of Group E (serum
samples from test subjects without right heart failure), of the
measurements shown in FIG. 4 and carried out in Example 3.
Symbols A: patient number; B: concentration of TIMP-4
[ng/mL].

[0105] FIG.13:

[0106] Table of the measured values of Group F (serum
samples from patients with right heart failure and pulmonary
hypertension (PAP>25 mmHg)), of the measurements shown
in FIG. 4 and carried out in Example 3. Symbols A: patient
number; B: concentration of TIMP-4 [ng/mL].

[0107] The invention is explained in more detail in the
following examples:
EXAMPLES
Example 1

[0108] Owing to the high volume load on the heart, patients
with heart failure are characterized by increased NT-proBNP
plasma concentrations (see above). If the NT-proBNP con-
centration exceeds a value of 900 pg/mL, regardless of the
patient’s age and sex there is heart failure with 87% probabil-
ity (see above). At NT-proBNP levels <300 pg/mlL heart
failure is ruled out with very high probability. Based on these
relations, the TIMP-4 concentration was determined in serum
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samples from two groups of patients: 1) donors whose NT-
proBNP level was between 15 and 795 pg/mL (median=81
pg/mL (no heart failure)). 2) donors whose NT-proBNP level
was between 1016 and 58171 pg/mL (median=2976 pg/mL
(high probability of heart failure)) (FIG. 2). The TIMP-4
serum concentration of the high-NT-proBNP group was
increased highly significantly compared with the low-NT-
proBNP group (FIG. 1) (low-NT-proBNP: median: 1.37
ng/ml, 25-75% percentile: 1.09-1.73 ng/ml, min.: 0.51
ng/mL, max.: 3.66 ng/mL; high-NT-proBNP: median: 2.62
ng/ml, 25-75% percentile: 2.04-3.70 ng/ml, min.:0.70
ng/mL, max.: 7.20 ng/mL; p<0.001).

Example 2

[0109] Patients with terminal heart failure (NYHA 1V),
whose clinical situation has not improved under pharmaco-
therapy to the extent that intensive medical care has become
unnecessary, and for whom in the short term no donor heart is
available, are dependent on the implantation of a ventricular
assist device (VAD) (see above).

[0110] The TIMP-4 concentration in serum samples from
patients who were on the list for implantation of a left ven-
tricular assist device (LVAD) was compared with the TIMP-4
concentration in serum samples from healthy blood donors
(FIG. 3). The TIMP-4 serum concentration in pre-LVAD
patients was increased highly significantly compared with the
healthy control group (control: median: 1.20 ng/ml., 25-75%
percentile: 0.96-1.54 ng/mL, min.: 0.62 ng/ml, max.: 3.69
ng/mL; pre-LVAD: median: 2.52 ng/mL, 25-75% percentile:
1.70-3.45 ng/mL, min.: 0.40 ng/mL, max.: 6.07 ng/mL; p<0.
001).

Example 3

[0111] An important cause of right heart hypertrophy (cor
pulmonale) and the resultant right ventricular failure is pul-
monary hypertension, which is characterized by an increase
in the resting pulmonary artery pressure (PAP) to values >25
mmHg (see above).

[0112] The TIMP-4 serum concentration of patients with
right heart failure and pulmonary hypertension (RHI/PH)
(n=25) was compared with the TIMP-4 serum concentration
of healthy test subjects (n=25) (FIG. 4). The TIMP-4 serum
concentration in the RHF/PH patients was increased highly
significantly compared with the healthy control group (con-
trol: median: 1.14 ng/ml, 25-75% percentile: 0.90-1.28
ng/ml, min.: 0.59 ng/ml, max.: 1.43 ng/ml; RHF/PH:
median: 2.30 ng/mL, 25-75% percentile: 1.90-2.90 ng/mL,
min.: 1.0 ng/mL, max.: 5.60 ng/mL; p<0.001).

[0113] Materials and Methods
[0114] Sample Material
[0115] The TIMP-4 concentration in human serum samples

was determined in two different studies.

[0116] 1) The TIMP-4 concentration in serum samples
from patients whose NT-proBNP was below a limit of
1000 pg/mL was compared with the TIMP-4 concentra-
tions in patients with raised NT-pro-BNP levels (1000
pg/mL). The NT-proBNP serum concentration was
determined with the aid of the Elecsys® proBNP
Chemiluminescence Immuno-Assay (Roche Diagnos-
tics).

[0117] 2) The TIMP-4 concentration in serum samples
from healthy test subjects was compared with the
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TIMP-4 concentrations of patients with terminal heart
failure, who were to receive an LVAD.

[0118] Reagents

[0119] The TIMP-4 concentration in the samples was deter-
mined using the human TIMP-4 Quantikine® ELISA from
the company R&D Systems (Wiesbaden Nordenstadt, Ger-
many; Catalogue No.: DTM400).

[0120] Protocol

[0121] The serum samples stored at =80° C. were thawed
onice, centrifuged for five minutes at 4° C. and 800 g and then
added undiluted in accordance with the manufacturer’s rec-
ommendations to concentration determination by ELISA.
[0122] Briefly, the ELISA protocol was characterized by
the following steps:

[0123] Incubation of the samples in the 96-well microti-
tre plate coated with a monoclonal anti-human-TIMP-4
antibody

[0124] Removal of unbound sample constituents by
washing the microtitre plate

[0125] Incubation of the microtitre plate with an HRP-
conjugated secondary anti-human-TIMP-4 antibody

[0126] Removal of the excess HRP-conjugated second-
ary anti-human-TIMP-4 antibody by washing the
microtitre plate

[0127] Incubation of the microtitre plate with TMB-en-
zyme substrate

[0128] Stopping the enzyme kinetics by adding dilute
H,SO, solution

[0129] Determination of the optical density (OD) of the
wells of the microtitre plate at a wavelength of =450
nm (reference wavelength: A=570 nm).

[0130] Calculation of the TIMP-4-calibration curve
using the OD of the standard dilution series

[0131] Calculation ofthe sample TIMP-4 concentrations
by plotting the sample OD against the OD of the stan-
dard samples

[0132] Statistical evaluation and graphical presentation
of the measurement results (group mean values, stan-
dard deviation, “Standard error of the mean”, Student
t-test)

[0133] Abbreviations

[0134] ANP=atrial natriuretic peptide

[0135] BNP=B-type natriuretic peptide

[0136] Ca**=calcium ion

[0137] ECG=electrocardiogram

[0138] ELISA=enzyme linked immunosorbent assay

[0139] g=acceleration of gravity

[0140] HRP=horseradish peroxidase

[0141] H,SO,=sulphuric acid

[0142] LVAD=left ventricular assist device

[0143] A=lambda (Greek)=wavelength

[0144] mL~=millilitre

[0145] MMP matrix metalloproteinase

[0146] MRT=magnetic resonance tomography

[0147] nm=nanometre

[0148] NYHA=New York Heart Association

[0149] OD=optical density

[0150] PAP=pulmonary artery pressure

[0151] pg=picogram

[0152] TIMP=tissue inhibitor of metalloproteinases
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[0153] TMB=tetramethylbenzidine
[0154] Zn**=zinc ion
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210> SEQ ID NO 1
<211> LENGTH: 224
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
Met Pro Gly Ser Pro Arg Pro Ala Pro Ser Trp Val Leu
1 5 10
Leu Leu Ala Leu Leu Arg Pro Pro Gly Leu Gly Glu Ala
20 25
Ala Pro Ala His Pro Gln Gln His Ile Cys His Ser Ala
35 40 45
Arg Ala Lys Ile Ser Ser Glu Lys Val Val Pro Ala Ser
50 55 60
Ala Asp Thr Glu Lys Met Leu Arg Tyr Glu Ile Lys Gln
65 70 75
Phe Lys Gly Phe Glu Lys Val Lys Asp Val Gln Tyr Ile

Leu

Cys

30

Leu

Ala

Ile

Tyr

Leu
15

Arg
Ser Cys
Val Ile

Asp Pro

Met
80

Lys

Thr Pro
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-continued
85 90 95
Phe Asp Ser Ser Leu Cys Gly Val Lys Leu Glu Ala Asn Ser Gln Lys
100 105 110
Gln Tyr Leu Leu Thr Gly Gln Val Leu Ser Asp Gly Lys Val Phe Ile
115 120 125
His Leu Cys Asn Tyr Ile Glu Pro Trp Glu Asp Leu Ser Leu Val Cln
130 135 140
Arg Glu Ser Leu Asn His His Tyr His Leu Asn Cys Gly Cys Gln Ile
145 150 155 160
Thr Thr Cys Tyr Thr Val Pro Cys Thr Ile Ser Ala Pro Asn Glu Cys
165 170 175
Leu Trp Thr Asp Trp Leu Leu Glu Arg Lys Leu Tyr Gly Tyr Gln Ala
180 185 190
Gln His Tyr Val Cys Met Lys His Val Asp Gly Thr Cys Ser Trp Tyr
195 200 205
Arg Gly His Leu Pro Leu Arg Lys Glu Phe Val Asp Ile Val Gln Pro
210 215 220
<210> SEQ ID NO 2
<211> LENGTH: 675
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
atgectyggga geecteggee cgegecaage tgggtgetgt tgetgegget getggegtty 60
ctgeggecee cgggygetygy tgaggcatge agetgegece cggegeacee tcageageac 120
atctgecact cggecacttgt gattegggee aaaatcteca gtgagaaggt agtteeggece 180
agtgcagace ctgcetgacac tgaaaaaatyg ctecggtatyg aaatcaaaca gataaagaty 240
ttcaaagggt ttgagaaagt caaggatgtt cagtatatcet atacgecttt tgactettec 300
ctetgtggty tgaaactaga agccaacage cagaagcagt atctettgac tggtcaggte 360
cteagtgaty gaaaagtett catccatetyg tgcaactaca tegageecty ggaggaccety 420
teecttggtge agagggaaag tctgaatcat cactaccate tgaactgtgg ctgccaaate 480
accacctget acacagtacce ctgtaccate tecggecccta acgagtgect ctggacagac 540
tggetgttgyg aacgaaaget ctatggttac caggetcage attatgtetyg tatgaageat 600
gttgacggea cctgeagetyg gtaccgggge cacctgecte tcaggaagga gtttgttgac 660
atcgttcage cctag 675

1. Method of using TIMP-4 as a biomarker for the diagno-
sis of heart failure in a mammal, comprising the following
steps:

a) Determination of the amount of TIMP-4 in the sample to

be diagnosed obtained from a mammal,

b) Comparison of the amount of TIMP-4 in the sample to

be diagnosed with a control sample

c) Diagnosis of heart failure based on comparison of the

amount of TIMP-4 in the sample to be diagnosed in
comparison with the control sample.

2. Method of using TIMP-4 as a biomarker for the diagno-
sis of heart failure in a mammal, comprising the following
steps:

a) Obtaining a sample to be diagnosed from a mammal,

b) Determination of the amount of TIMP-4 in the sample to
be diagnosed

¢) Comparison of the amount of TIMP-4 in the sample to be
diagnosed with a control sample
d) Diagnosis of heart failure based on comparison of the
amount of TIMP-4 in the sample to be diagnosed in
comparison with the control sample.
3. Method according to claims 1 and 2, characterized in that
the sample is selected from the group comprising blood,
serum and plasma.
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4. Method according to claims 1 and 2, characterized in that
the mammal is a human being.

5. Method according to claims 1 and 2, characterized in that
the amount of TIMP-4 is determined on the basis of the
amount of TIMP-4 polypeptide.

6. Method according to claims 1 and 2, characterized in that
in the diagnosis of heart failure the amount of TIMP-4 in the
sample to be diagnosed is increased in comparison with the
control sample.

7. Method according to claims 1 and 2, characterized in that
the use of TIMP-4 as a biomarker is combined with one or
more other biomarkers and methods of diagnosis.
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8. Method according to claims 1 and 2, characterized in that
TIMP-4 is used as a therapy-accompanying biomarker.

9. Method according to claims 1 and 2, characterized in that
TIMP-4 is used as a biomarker for determining the severity of
heart failure.

10. Test kit for carrying out one of the methods according
to claims 1 to 9 comprising at least one or more antibodies,
which recognize TIMP-4 specifically, a detection means, one
or more containers for collecting and storing the sample to be
diagnosed.
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