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Fasting levels of Growth Hormene as a predictive marker of cardiovascualar risk

Subject matter of the present invention is a method for predicting the cardiovascular risk or

the overall mortality risk in a subject comprising:

e determining the fasting level of growth hormone (hGH), and/or its isoforms in a
bodily fluid obtained from said subject; and

o correlating said fasting level of growth hormone (hGH), and/or its isoforms with a
cardiovascular misk or the overall mortality risk, wherein an enhanced level is

predictive for an enhanced risk.

Growth Hormone (hGH) is secreted from the anterior pituitary gland and many but not all of
its metabolic actions are exerted through IGF-1, {1}. Apart from regulating longitudinal bone
growth during childhood and adolescence, hGH exerts metabolic effects throughout the entire
life, such as in an anabolic state, acting with insulin to stimulate IGF-1 resulting in protein
synthesis and anabolism. In the catabolic state, bGH ig stimulating lipolysis and thercby
preventing protein degradation and depletion of glycogen stores {1}. In the last decades the
role of hGH in the adult cardiovascular system has attracted growing interest, primarily in the

sitnations of hGH deficiency and hGH excess.

It is recognized that hypopituitary adults have an increased mortality in cardiovascular and
cerebrovascular diseases and this has been attributed to growth hormone deficiency (GHD) by
many {2}, {3}, {4}, but not all {5}, When comparing patients with GHD to healthy
individuals, GHD-patients have been shown to have an adverse cardiovascular risk profile
with elevated low density lipoprotein cholesterol (LDL-C) {6}, {7}, body mass index
(BMD {6} and waist-hip ratio{6}, {8} and decreased high density lipoprotein cholesterol
(HDI-Cy{4}. hGH substitution therapy to these patients has shown a favourable effect on
several aspects of the cardiovascular risk profile, e.g. decreases in CRP, body fat, waist-hip-
ratio, truncal fat and increased HDL-C {9}, {6}, {10} as well as lower LDL-C and diastolic
blood pressure {11}. Even though effects on glucose homeostasis may be negative {111, {1},
it is with this background tentative fo assume that hGH-substitution is beneficial, however to
date, there are no large placebo-controlled, randomized prospective studies to demonstrate the

effect of hGH-substitution on cardiovascular morbidity or mortality.
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At the other end of the spectrum, patients with acromegaly, who are suffering from excess
secretion of growth hormone, also exhibit elevated mortality rates in cardiovascular and
cerebrovascular diseases {12}. Contributing factors to this mortality are found in the higher
prevalence of hypertension, diabetes, arrhythmias and cardiomyopathy with hypertrophy of the
heart {13}, {14}. Inhibiting the hGH secretion with somatostatin analogs in these patients has
shown beneficial effects on heart structure and performance {15}. Further demonstration of the
detrimental effects of hGH excess is made by the study by Takala et al in 1999 where
administration of high-dose hGH to critically ill patients in a intensive care unit doubled the

mortality rates compared to placebo {16}.

Most of the literature concern patients with either excess or deficiency of hGH. However the
prospective study of French policemen started in the late 60°s and early 70°s with an 18 year
follow-up, examined fasting values of hGH and the risk of premature mortality. Their findings
show that higher levels of hGH after a 2h oral glucose tolerance test are associated with an
elevated risk of premature mortality of all causes and of cardiovascular disorders, fasting hGH
(measured with standard hGH test was not significant for prediction of mortality {17}. Using a
0.5ng/ml cut off value, Maison et al. found an increase of 18 year cardiac mortality with a Hazard
Risk of 1.79.

Accurate interpretation of plasma hGH concentration is hampered by the fact that hGH is released
in pulses over the majority of the day and in the morning hours, when plasma concentration is
relatively stable {32}, {33}, {34}, hGH concentrations are low and sometimes undetectable using

conventional hGH assays.
Summary

In an aspect, there is provided a method for predicting the cardiovascular risk within 10 years in a
subject comprising: determining the fasting level of growth hormone (hGH), and/or its isoforms
in a bodily fluid obtained from said subject; and correlating said fasting level of growth hormone
(hGH), and/or its isoforms with a cardiovascular risk, wherein an enhanced level is predictive for
an enhanced risk, wherein the cardiovascular risk is defined as an adverse event and wherein the
risk of said adverse event is predicted within 10 years and wherein the cardiovascular risk is
defined as an adverse event selected from the group comprising stroke, CVD (cardiovascular
disease)-mortality and Coronary artery disease (CAD) wherein the latter comprises fatal or
nonfatal myocardial infarction, death due to ischemic heart disease, percutancous coropary

intervention (PCI) or coronary artery by-pass grafting (CABG).
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In another aspect, there is provided a ultra sensitive hGH assay comprising at least one
monospecific binder, preferably two monospecific binders, having a binding affinity of 10°M
or less to hGH and its isoforms and wherein said binder (s) is either specific for one of the
secreted hGH isomers, or for more than one or is specific for and binds to all secreted isomers
of hGH selected from the group comprising isomer 1, isomer 2, isomer 3 and isomer 4 (SEQ
ID. NO: 1 to 4) and wherein ultrasensitive assay has an analytical assay sensitivity of less
than 100 pg/ml, preferred less than 50 pg/ml, preferred less than 30 pg/ml, preferred less than
20 pg/ml, preferred less than 10 pg/ml, preferred less than 5 pg/ml, preferred 2 pg/ml. or a
functional assay sensitivity of less than 400 pg/ml, preferred less than 200 pg/ml, preferred
less than 120 pg/ml, preferred less than 80 pg/ml, preferred less than 40 pg/ml, preferred less
than 20 pg/ml, preferred 10 pg/ml most preferred less than 8,5 pg/ml.

In yet another aspect, there is provided the use of an ultrasensitive hGH assay as defined

herein in a method as defined herein.
Detailed Description

Subject matter of the present invention is a new ultra sensitivity assay for plasma hGH
measurements (hGH), with accurate measurements also at low hGH plasma concentrations
(e.g. assay sensitivity 2 pg/ml). Subject matter of the present invention is the correlation of the
development of cardiovascular morbidity and mortality with hGH in fasted plasma in a
subject. Subject matter of the present invention is the relation of hGH in fasted plasma in a
subject and the risk of coronary artery disease (CAD), stroke, all-cause (total) mortality, and

cardiovascular (CVD) mortality.

Subject matter of the present invention is a method for predicting the cardiovascular risk or

the total mortality risk in a subject comprising:
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®  determining the fasting level of growth hormone (hGH), and/or its isoforms in a
bodily fluid obtained from said subject; and

#  correlating said fasting level of growth hormone (hGH), and/or its isoforms with a
cardiovascular risk or the total mortality risk, wherein an enhanced level is predictive

for an enhanced risk.

Cardiovascular risk or total mortslity risk means the risk of getting an event due to
cardiovascular reasons or the risk of dying because of all causes within a certain period of
time. In a specific embodiment said period of time is within 20 years, or within 15 vears, or

within 10 years, or within § years, or within 2,5 years.

Subject matter if the present invention is method for predicting the cardiovascular risk or the

total mortality risk within 10 years, or within § years, or within 2,5 years, in a subject

comprising:
= determining the fasting level of growth hormone (hGH), and/or its isoforms
in a bodily fluid obtained from said subject; and
B correlating said fasting level of growth hormone (hGH), and/or its isoforms

with a cardiovascular risk or the total mortality risk, wherein an enhanced

level is predictive for an enhanced risk,

wherein the cardiovascular risk is defined as an adverse event or the total mortality risk and
wherein the risk of said adverse event or the total mortality risk is predicted within 10 years,

or within 5 years, or within 2,5 years after taking said bodily fluid from said subject.

In one embodiment said subject is a healthy subject at the time of measurement or a subject
that does not have a cardiovascular disease at the time of measurement. In one embodiment
said subject has never had a stroke and/or myocardial infarction and /or acute heart failure at
the time of measurement. In one embodiment said subject has never had Coronary artery
disease (CAD) and / or ischemic heart disease and/or percutancous coropary intervention

(PCI) or coronary artery by-pass grafting (CABG) at the time of measurement.
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Total mortality risk is the risk of dying because of all causes, is the risk of death within a

certain period of time.

In a specific embodiment of the invention the cardiovascular risk is defined as an event
selected from the group comprising stroke, CVD (cardiovascular disease) mortality and
Coronary artery disease {CAD) wherein the latter comprises fatal or nonfatal myocardial
infarction, death due to ischemic heart disease, percutaneous coronary intervention (PCI) or
coronary artery by-pass grafting (CABG). In one embodiment CVD (cardiovascular disease)
mortality is the mortality due to myocardial infarction, acute heart failure or stroke. This
means that CVD {cardiovascular disease) mortality is death due to a cardiovascular disease. In
a specific embodiment CVD (cardiovascular disease) is selected from the group comprising

myocardial infarction, acute heart failure and stroke.

In a specific embodiment the prediction of the cardiovascular risk or the total mortality risk is

a short term prediction of said risk.

That means in a specific embodiment the risk of a subject of getiing an event associated to a
cardiovascular risk or of dying because of all causes {total mortality) within a short term is
predicted wherein said short term means within 10 years, more specific within 5 years, more

specific within 2,5 vears.

It is the surprising finding of the present invention that a short-term prognosis of the
cardiovascular risk or the total mortality risk is possible by determining the fasting level of
growth hormone (hGH), and/or its isoforms in a bodily fluid. Short-term means within 10

vears, or within 5 years, or within 2,5 years after taking said bodily fluid from said subject.

In a more specific embodiment the prediction of CVD mortality is a short term prediction.
That means in a more specific embodiment the risk of a subject of dying because of
myocardial infarction, acute heart failure or stroke within a short term is predicted wherein
said short term means within 10 years, more specific within 5 years, more specific within 2,5
years.

In a more specific embodiment the prediction of CVD mortality is a short term prediction for
a male subject. That means in a mmore specific embodiment the risk of a male subject of dying

because of myocardial infarction, acute heart failure or stroke within a short term is predicted
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wherein said short term means within 10 years, more specific within 5 years, more specific
within 2,5 years.

Isoforms of growth hormone (hGH) may be selected from the group comprising hGH isoform
1 (22KD), hGH 1soform 2, hGH isoform 3, and hGH isoform 4.

Sequences of the isoforms:

SEQ ID NO.1: hGH Isoform 1 (22KD)

MATGSRTSLLLAFGLLCLPWLQEGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFE
EA

YIPKEQKYSFLONPQTSLCFSESIPTPSNREETQQKSNLELLRISLLLIQSWLEPVQFLR

SVFANSLVYGASDSNVYDLLKDLEEGIQTLMGRLEDGSPRTGQIFKQTYSKFDTNSH
NDD

ALLKNYGLLYCFRKDMDKVETFLRIVQCRSVEGSCGF

SEQ ID NO.2: hGH Isoform 2

MATGSRTSLLLAFGLLCLPWLQEGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFN
PQ

TSLCFSESIPTPSNREETQQKSNLELI RISLLLIQSWLEPVQFLRSVFANSLVYGASDSN

VYDLLKDLEEGIQTIMGRILEDGSPRTGQIFKQTYSKFDTNSHNDDALLKNYGLLYCF
RKD

MDKVETFLRIVQCRSVEGSCGF

SEQ ID NO.3: hGH Isoform 3

MATGSRTSLLLAFGLLCLPWLQEGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFE
EA

YIPKEQKYSFLONPQTSLCFSESIPTPSNREETQQKSNLELLRISLLLIQTLMGRLEDGS

PRTGQIFKQTYSKFDTNSHNDDALLKNYGLLYCFRKDMDKVETFLRIVQCRSVEGSC
GF
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SEQ ID NO.4: hGH Isoform 4

MATGSRTSLLLAFGLLCLPWLQEGSAFPTIPLSRLFDNAMLRAHRLHQLAFDTYQEFE
EA

YIPKEQKY SFLONPQTSLCFSESIPTPSNREETQQK SNLELLRISLLLIQSWLEPVQIFK
QTYSKFDTNSHNDDALLKNYGLLY CFRKDMDKVETFLRIVOCRSVEGSCGE

Fasting levels of growth hormone (hGH) means the level of growth hormone (hGH)
determined in blood, serum or plasma of fastened subjects. (12 h no food uptake prior sample

taking). Fastened subject means a subject that had 12 h prior sample taking no food up-take.

The term "subject” as used herein refers to a living human or non-human organism. Preferably
herein the subject is a human subject. The subject may be healthy or diseased if not stated

otherwise. The term “elevated level” means a level above a certain threshold level.

A bodily fluid may be selected from the group comprising blood, plasma, serum, saliva, urine,
and cerebrospinal fluid. In a specific embodiment said bodily fluid is selected from the group

comprising blood, plasma, and serum.

Assay sensitivity may be defined by the “analytical” assay sensitivity that is defined as hGH
concentration (standard curve readout) at a median signal of e.g. 20 determinations of hGH

depleted sample + 2 standard deviations (SD).

Alternatively, the assay sensitivity may be defined by the “functional” assay sensitivity,
which reflects more the limit of detection in a clinical routine. The functional assay sensitivity
is defined as determination of the inter assay coefficient of variation (CV) of plasma (patient
samples) in a variety of individual samples with different hGH concentrations. The functional

assay sensitivity is the lowest hGH concentration with an inter assay CV of less than 20%.

Assay sensitivities may depend upon the used method of calibration and the used hGH assay.
Different hGH assays may detect different sets of hGH isoforms, leading to different
guantitative results meaning leading to different thresholds and sensitivity needs depending

on the assay and the calibration method used,
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To overcome this possible heterogeneity of different hGH assays, assay calibrations may be
corrected by correlating plasma hGH values of individual subjects. If the slope of the
correlation curve is different from 1, the hGH values (the calibration) can be corrected by the
differential factor leading to a comparable calibration, comparable sensitivity analysis and

comparable thresholds.

The above correction may be performed in order to compare the results obtained by different

assays.

The assay described in example 1 predominantly recognizes hGH isoform 1 and is calibrated
by the recombinant Human Growth Hormone (NIBSC code 98/574, National Institute for
Biological Standards and Control, Herfordshire, UK).

In a specific method according to the invention said fasting level of growth hormone (hGH),
and/or its isoforms in a bodily fluid is determined by an ultrasensitive assay having an
analytical assay sensitivity (that is defined as hGH concentration at a median signal of 20
determinations of hGH depleted sample + 2 standard deviations (8D)) of less than 100 pg/ml,
preferred less than 50 pg/ml, preferred fess than 30 pg/mil, preferred less than 20 pg/ml,
preferred less than 10 pg/ml, preferved less than 5 pg/mli, preferred 2 pg/ml. Measurement of

hGH is expressed 1o ng/mi (Ing/mi=2.6 mU/L).

Alternatively, the ultrasensitive assay having a functional assay sensitivity (see above) of less
than 400 pg/ml, preferred less than 200 pg/ml, preferred less than 120 pg/ml, preferred less
than 80 pg/ml, preferred less than 40 pg/ml, preforred less than 20 pg/ml, preferred 10 pg/ml

most preferred less than 8,5 pg/ml. Measurement of hGH is expressed in ng/ml.

For immunization and for calibration we used recombinant Human Growth Hormone (NIBSC

code 98/574, National Institute for Biological Standards and Control, Herfordshire, UK)
In one embodiment of the invention said assay is conducted as described in Example 1,

Said assay may be selective for one specific hGH isoform or maybe specific for and
determines more than one or all secreted isomers of hGH selected from the group comprising
hGH Isoform 1, Isoform 2, Isoform 3, and Isoform 4 (see SEQ ID NO.1-4) in said bodily
fluid.
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In one embodiment of the method according to the invention said a method is performed more
than once in order to monitor the cardiovascular risk in a subject or in order to monitor the

course of treatment.

In one embodiment of the method according to the invention said monitoring is performed in

order to evaluate the response of said subject to preventive and/or therapeutic measures taken.

In one embodiment of the method according to the invention said method is used in order to
stratify said subjects into risk groups and/or to reclassify said subjects on top of classical risk

markers.

In one embodiment of the invention said subject is male and the threshold is from above 400
pg/ml, preferably 340 pg/ml, to 100 pg/ml, preferably 60 pg/ml, wherein a fasting level of
growth hormone (hGH), and/or its isoforms above a threshold above 400 pg/ml, preferably
340 pg/ml is predictive for a high risk and a fasting level below a threshold of 100 pg/ml,
preferably 60pg/ml is predictive for a low risk.

In another embodiment of the invention said subject is female and the threshold is from 3150
pg/ml, preferably to 400 pg/ml, wherein a fasting level of growth hormone (hGH), and/or its
isoforms above a threshold of 3150 pg/ml is predictive for a high risk and a fasting level

below a threshold of preferably 400 pg/ml is predictive for a low risk.

In one embodiment of the invention said cardiovascular risk is selected myocardial infarction,

acute heart fajlure and stroke,

In another embodiment at least one clinical parameter is additionally determined wherein said
clinical parameter is selected from the group comprising: age, presence of diabetes mellitus,

current smoking.

In a specific embodiment of the methods of the present invention additionally at least one
further biomarker is determined in the bodily fluid of said subject and correlated with said
cardiovascular risk, wherein said additional biomarker is selected from the group comprising:
pro-Neurotensin 1-117 (PNT 1-117), C-reactive protein (CRP), pro-brain natriuretic peptide
1-108 (pro-BNP) 1-108, Pro-BNP, BNP, Pro Atrial Natriuretic Peptide 1-98 {(proANP-N-
terminal fragment), Pro-ANP, Adrenomedullin, pro-adrenomedullin (proADM) 24-71,
ProADM 127-164, pro- Atrial Natriuretic Peptide (pro-ANP) and fragments thereof having at
least a length of five amino acids, ST-2, GDF15, Galectin-3 Copeptin..
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Subject matter according to the present invention is a method wherein the fasting level of
growth hormone (WGH), and/or its isoforms is determined by using a binder to growth
hormone (hGH), and/or its isoforms. The additional above mentioned further biomarkers may

be determined by using a binder to said biomarkers or their fragments as outlined above.

In one embodiment of the invention said binder is selected from the group comprising an
antibody, an antibody fragment or a non-Ig-Scaffold binding to growth hormone (hGH),

and/or its isoforms.

According to the invention the diagnostic binder is selected from the group consisting of
antibodies e.g. IgG, a typical full-length immunoglobulin, or antibody fragments containing at
least the F-variable domain of heavy and/or light chain as e.g. chemically coupled antibodies
(fragment antigen binding) including but not limited to Fab-fragments including Fab
minibodies, single chain Fab antibody, monovalent Fab antibody with epitope tags, ¢.g. Fab-
V5Sx2; bivalent Fab (mini-antibody} dimerized with the CH3 domain; bivalent Fab or
multivalent Fab, ¢ g. formed via multimerization with the aid of a heterologous domain, e.g.
via dimerization of dHLX domains, eg Fab-dHLX-FSx2; F(ab*)2-fragments, scFv-
fragments, multimerized multivalent or/and multispecific scFv-fragments, bivalent and/or
bispecific diabodies, BITE® (bispecific T-cell engager), trifunctional antibodies, polyvalent
antibodies, e.g. from a different class than G; single-domain antibodies, e.g. nanobodies

derived from camelid or fish immunoglobulines.

In a specific embodiment the level of the above biomarker or fragments thereof are measured
with an assay using binders selecied from the group comprising aptamers, non-Ig scaffolds as

described in greater detail below binding to hGH or fragments thereof.

Binder that may be used for determining the level of any of the above biomarkers or
fragments thereof exhibit an affinity constant to the binding region of any of the above
biomarkers of at least 10’ M7, preferred 108 M, preferred affinity constant is greater than
10° M7, most preferred greater than 10" M. A person skilled in the art knows that it may be
considered to compensate lower affinity by applying a higher dose of compounds and this
measure would not lead out-of-the-scope of the invention. Binding affinity may be
determined using the Biacore method, offered as service analysis e.g. at Biaffin, Kassel,

Germany (hitp:/www.biaffin.com/de/).
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Affinity Constants.

To determine the affinity of the antibodies, the kinetics of binding of hGH to immobilized
antibody was determined by means of label-free surface plasmon resonance using a Biacore
2000 system (GE Healtheare Europe GmbH, Freiburg, Germany}. Reversible immobilization
of the antibodies was performed using an anti-mouse Fc antibody covalently coupled in high
density to a CMS5 sensor surface according to the manufacturer's instructions {mouse antibody
capture kit; GE Healthcare) {59},

In addition to antibodies other biopolymer scaffolds are well known in the art to complex a
target molecule and have been used for the generation of highly target specific biopolymers.
Examples are aptamers, spiegelmers, anticalins and conotoxins. Non-Ig scaffolds may be
protein scaffolds and may be used as antibody mimics as they are capable to bind to ligands
or antigenes. Non-Ig scaffolds may be selected from the group comprising tetranectin-based
non-Ig scaffolds (e.g. described in US 2010/0028995), fibronectin scaffolds (e.g. described in
EP 1266 025; lipocalin-based scaffolds {e.g. described in WO 2011/154420); ubiquitin
scaffolds (e.g. described in WO 2011/073214), transferring scaffolds (e.g. described in US
2004/0023334), protein A scaffolds (e.g. described in EP 2231860), ankyrin repeat based
scaffolds (e.g. described in WO 2010/060748), microproteins preferably microproteins
forming a cystine knot) scaffolds (e.g. described in EP 2314308), Fyn SH3 domain based
scaffolds (e.g. described in WO 2011/023685) EGFR-A-domain based scaffolds (e.g.
described in WO 2005/040229) and Kunitz domain based scaffolds {e.g. described in EP
1941867).

Subject of the present invention is also a method for predicting the cardiovascular risk, the
mortality because of cardiovascular events or the total mortality risk in a subject according to
any of the preceding embodiments, wherein the level of growth hormone (hGH), and/or its
isoforms in a bodily fluid obtained from said subject either alone or in conjunction with other
prognostically useful laboratory or clinical parameters is used which may be selected from the

following alternatives:

¢ Comparison with the median of the level of hGH or fragments thereof of at least 5
amino acids in a bodily fluid obtained from said subject in an ensemble of pre-

determined samples in a population of “healthy” or “apparently healthy” subjects,
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*  Comparison with a guantile of the level of hGH or fragments thereof of at least 5
amino acids in a bodily fluid obtained from said subject in an ensemble of pre-

determined samples in a population of “healthy” or “apparently healthy” subjects,

e (Calculation based on Cox Proportional Hazards analysis or by using Risk index
calculations such as the NRI (Net Reclassification Index) or the IDI (Integrated

Discrimination Index).

In a specific embodiment of the methods according to the present invention said subject is
female and one further biomarker is determined in addition to hGH and its isomers in the
bodily fluid of said female subject and correlated with said cardiovascular risk, wherein said
additional biomarker is pro-Neurotensin (PNT) and fragments thereof having at least a Jength

of five amino acids.

In one embodiment of the invention it may be a so-called POC-test {pointi-of-care), that is a
test technology which allows performing the test within less than 1 hour near the patient
without the requirement of a fully automated assay system. One example for this technology

is the immunochromatographic test technology.

In one embodiment of the invention such an assay is a sandwich immunoassay using any kind
of detection technology including but not restricted fo enzyme label, chemiluminescence
label, electrochemiluminescence label, preferably a fully antomated assay. In one embodiment
of the invention such an assay is an enzyme iabeled sandwich assay. Examples of automated
or fully automated assay comprise assays that may be used for one of the following systems:
Roche Elecsys®, Abbott Architect®, Siemens Centaver®, Brahms Kryptor®, Biomerieux
Vidas®, Alere Triage®.

A variety of immunoassays are known and may be used for the assays and methods of the
present invention, these include: radioimmmunoassays ("RIA"), homogeneous enzyme-
multiplied immunoassays ("EMIT"), enzyme linked immunocadsorbent assays ("ELISA"),
apoenzyme reactivation immunoassay ("ARIS"), dipstick immunoassays and immuno-

chromotography assays.

In one embodiment of the invention at least one of said two binders is labeled in order to be

detected.
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The preferred detection methods comprise immunoassays in various formats such as for
instance radioimmunoassay (RIA), chemiluminescence- and fluorescence-immumoassays,
Enzyme-linked immunoassays {ELISA), Luminex-based bead arrays, protein microarray

assays, and rapid test formats such as for instance immunochromatographic strip tests.

In a preferred embodiment said label is selected from the group comprising chemiluminescent

label, enzyme label, fluorescence label, radioiodine label.

The assays can be homogenous or heterogeneous assays, competitive and non-competitive
assays. In one embodiment, the assay is in the form of a sandwich assay, which is a non-
competitive immunoassay, wherein the molecule to be detected and/or quantified is bound to
a first antibody and to a second antibody. The first antibody may be bound to a solid phase,
e.g. a bead, a surface of a well or other container, a chip or a strip, and the second antibody is
an antibody which is labeled, e.g. with a dye, with a radioisotope, or a reactive or catalytically
active moiety. The amount of Iabeled antibody bound to the analyte is then measured by an
appropriate method. The general composition and procedures involved with “sandwich

assays” are well-established and known to the skilled person {23}.

In another embodiment the assay comprises two capture molecules, preferably antibodies
which are both present as dispersions in a liquid reaction mixture, wherein a first labelling
component is attached to the first capture molecule, wherein said first labelling component is
part of a labelling system based on fluorescence- or chemiluminescence-quenching or
amplification, and a second labelling component of said marking system is attached to the
second capture molecule, so that upon binding of both capture molecules to the analyte a
measurable signal s generated that allows for the detection of the formed sandwich

complexes in the solution comprising the sample.

In another embodiment, said labeling system comprises rare earth cryptates or rare earth
chelates in combination with flucrescence dye or chemiluminescence dye, in particular a dye

of the cyanine type.

In the context of the present invention, fluorescence based assays comprise the use of dyes,
which may for instance be selected from the group comprising FAM (S-or 6-
carboxyfluorescein), VIC, NED, Fluorescein, Fluoresceinisothiocyanate (FITC), IRD-
700/800, Cyanine dyes, such as CY3, CYS5, CY3.5, CYS.5, Cy7, Xanthen, 6-Carboxy-



10

15

20

25

30

WO 2014/108396 -13- PCT/EP2014/050143

2’4", 7,4, 7-hexachlorofluorescein (HEX), TET, 6-Carboxy-4’,5 -dichloro-2°,7° -
dimethodyfluorescein (JOE), N,N,N’.N’-Tetramethyl-6-carboxyrhodamine (TAMRA), 6-
Carboxy-X-thodamine (ROX), 5-Carboxyrhodamine-6G (R6GS5), 6-carboxyrhodamine-6G
(RGO6), Rhodamine, Rhodamine Green, Rhodamine Red, Rhodamine 110, BODIPY dyes,
such as BODIPY TMR, Oregon Green, Coumarines such as Umbelliferone, Benzimides, such
as Hoechst 33258, Phenanthridines, such as Texas Red, Yakima Yellow, Alexa Fluor, PET,
Ethidiumbromide, Acridinmium dyes, Carbazol dyes, Phenoxazine dyes, Porphyrine dyes,
Polymethin dyes, and the like.

In the context of the present invention, chemiluminescence based assays comprise the use of
dyes, based on the physical principles described for chemiluminescent materials in {24}.

Preferred chemiluminescent dyes are acridiniumesters.

As mentioned herein, an “assay” or “diagnostic assay” can be of any type applied in the field
of diagnostics. Such an assay may be based on the binding of an analyte to be detected to one
or more capture probes with a certain affinity. Concerning the interaction between capture
molecules and target molecules or molecules of interest, the affinity constant is preferably
more than 108 M.

In the context of the present invention, “binder molecules™ are molecules which may be used
to bind target molecules or molecules of interest, /.e. analytes (Z.e. in the context of the present
invention PCT and fragments thereof), from a sample. Binder molecules must thus be shaped
adequately, both spatially and in terms of surface features, such as surface charge,
hydrophobicity, hydrophilicity, presence or absence of lewis donors and/or acceptors, to
specifically bind the target molecules or molecules of interest. Hereby, the binding may for
instance be mediated by ionic, van-der-Waals, pi-pi, sigma-pi, hydrophobic or hydrogen bond
interactions or a combination of two or more of the aforementioned interactions between the
capture molecules and the target molecules or molecules of inlerest. In the context of the
present invention, binder molecules may for instance be selected from the group comprising 2
nucleic acid molecule, a carbohydrate molecule, a PNA molecule, a protein, an antibody, a
peptide or a glycoprotein. Preferably, the binder molecules are antibodies, including
fragments thereof with sufficient affinity to a target or molecule of interest, and including
recombinant antibodies or recombinant antibody fragments, as well as chemically and/or
biochemically modified derivatives of said antibodies or fragments derived from the variant

chain with a length of at least 12 amino acids thereof.
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Chemiluminescent label may be acridinium ester label, steroid labels involving isoluminol .
labels and the like.

Enzyme labels may be lactate dehydrogenase (ILLDH), creatinekinase (CPK), alkaline
phosphatase, aspartate aminotransferace (AST), alanine aminotransferace (ALT), acid

phosphatase, glucose-6-phosphate dehydrogenase and so on.

In one embodiment of the invention at Jeast one of said two binders is bound to a solid phase

as magnefic particles, and polystyrene surfaces.

In one embodiment of the assays for determining the level of growth hormone (hGH), and/or
its isoforms in a sample according to the present invention such assay is a sandwich assay,
preferably a fully automated assay. It may be an ELISA fully automated or manual. It may be
a so-called POC-test (point-of-care). Examples of avtomated or fully automated assay
comprise assays that may be used for one of the following systems: Roche Elecsys®, Abbott
Arxchitect®, Siemens Centauer®, Brahms Kryptor®, Biomerieux Vidas®, Alere Triage®.

Examples of test formats are provided above.

In one embodiment of the assays for determining the level of growth hormone (hGH), and/or
its isoforms in a sample according to the present invention at least one of said two binders is

labeled in order to be delected. Examples of labels are provided above.

In one embodiment of the assays for determining the level of growth hormone (hGH), and/or
its isoforms in a sample according to the present invention at least one of said two binders is

bound to a solid phase, Examples of solid phases are provided above.

In one embodiment of the assays for determining the level of growth hormone (hGH), and/or
its isoforms in a sample according to the present invention said label is selected from the
groap comprising chemiluminescent label, enzyme label, fluorescence label, radiciodine
label.

A further subject of the present invention is a kit comprising an assay according to the present

invention wherein the components of said assay may be comprised in one or more container.
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A

According to the present invention said subject may have a co-morbidity, that may be a
disease or an event selected from the group comprising atherosclerosis, high blood pressure,

heart failure, myocardial infarction.

In a preferred embodiment of the invention the fasting level said of growth hormone (hGH),
and/or its isoforms is measured with an immunoassay. In an even more preferred embodiment
said immunoassay comprises at least one antibody, preferably two antibodies, having a

binding affinity of 10°°M or less.

Subject of the present invention is also an ultra sepsitive (us-hGH) assay comprising at least
one monospecific binder, preferably two monospecific binders, having a binding affinity of
10°*M or less to hGH and/ or its isoforms and wherein ultra sensitive assay has an analytical
assay sensitivity of less than 100 pg/ml, preferred less than 50 pg/ml, preferred less than 30

p/mi, preferred less than 20 pg/mi, preferred less than 10 pg/mi, preferred less than S pg/ml,
preferred 2 pg/mi.

In one specific embodiment of the uitrasensitive hGH assay said monospecific binder is a

monoclonal antibody.

The ultrasensitive hGH assay according to the present invention is used in the method

according to the present invention.
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EXAMPLES

Example 1, us-hGH Assay

Chemicals
If not stated otherwise, chemicals were obtained at p.a. grade from Merck (Darmstadt,

Germanyy).

Antigen
For immmunization and for calibration we used recombinant Human Growth Hormone (NIBSC

code 98/574, National Institute for Biological Standards and Control, Herfordshire, UK}

Development of Antibodies
Mouse monoclonal antibodies against hGH were developed by UNICUS (Karlsburg,

Germany).

The antibodies were generated according to the following method:

A BALB/c mouse were immunized with 100 ug hGH at day 0 and 14 (emulsified in 100 pl
complete Freund's adjuvant) and 50 pig at day 21 and 28 (in 100 pl incomplete Ireund’s
adjuvant). Three days before the fusion cxperiment was performed, the animal received 50 ug
of the conjugate dissolved in 100 ul saline, given as one intraperitonal and one intra venous

injection.

Splenocytes from the immunized mouse and cells of the myeloma cell line SP2/0 were fused
with 1 ml 50 % polyethylene glycol for 30 s at 37 °C. After washing, the cells were seeded in
96-well cell culture plates. Hybrid clones were selected by growing in HAT medium [RPMI
1640 culture medium supplemented with 20 % fetal calf serum and HAT-supplement], After
two weeks the HAT medium is replaced with HT Medium for three passages followed by
returning to the normal cell culture medium.

The cell culture supernatants were primary screened for antigen specific IgG antibodies three
weeks after fusion. The positive tested microcultures were transferred into 24-well plates for
propagation. After retesting the selected cultures were cloned and recloned using the limiting-

dilution technique and the isotypes were determined. {60}, {61}.
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We selected 5 antibodies for further investigations,

Antibodies were produced via standard antibody production methods (Marx et al.,
Monoclonal Antibody Production (1997), ATLA 25, 121) and purified via Protein A-
chromatography. The antibody purities were > 95 % based on SDS gel electrophoresis

analysis.

Labelling and coating of antibodies.
All antibodies were labelled with acridinium ester according the following procedure:

Labelled compound (fracer): 100 pg (100 pl) antibody (1 mg/ml in PBS, pH 7.4), was mixed
with 10 pl?? Acridinium NHS-ester (1 mg/ml in acetonitrile, InVent GmbH, Germany) (EP
0353971) and incubated for 20 min at room temperature. Labelled antibody was purified by
gel-fiitration HPLC on Bio-Sil SEC 400-5 (Bio-Rad Laboratories, Inc., USA) The purified
labelled antibody was diluted in (300 Zmmol/l potassiumphosphate, 100 mmol/l NaCl,
10 ?7mmol/l Na-EDTA, 5 g/l bovine serumn albumin, pH 7.0). The final concentration was
approx. 800.000 rclative light units (RLU) of labelled compound (approx. 20 ng labeled
antibody) per 200 ul. Acridiniumester chemiluminescence was measured by using an

AutoLumat LB 953 (Berthold Technologies GmbH & Co. KG).

Solid phase antibody {coated antibody):

Solid phase: Polystyrene tubes (Greiner Bio-One International AG, Austria) were coated
(18h at room temperature) with antibody (1.5 pg antibody/0.3 mi 100 mmol/l NaCl,
50 mmol/ Tris/HCI, pH 7.8). After blocking with 5 % bovine serum albumin, the tubes were
washed with PBS, pH 7.4 and vacuum dried.

hGH Immunoassay:

50 pl of sample (or calibrator) was pipetted into coated tubes, after adding labeled antibody
(200ul), the tubes were incubated for 2 h at 18-25 °C. Unbound tracer was removed by
washing 5 times (each 1 ml) with washing solution {20 mmol/l PBS, pH 7.4, 0.1 % Triton
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X-100). Tube-bound labelled antibody was measured by using the LB 953 . Using a fixed
concentration Ing/ml of hGH. The signal (RLU at Ing hGH /ml) to noise (RLU without us-
hGH) ratio of different antibody combinations is given in table 1. All antibodies were able to
generate a sandwich complex with any other antibody. The antibody pair with strongest signal
to noise ratio (best sensitivity) was subsequently used to perform the us-hGH-immunoassay:
hGH G12 antibody was used as coated tube antibody and hGH H4 antibody was used as
labelled antibody. '

Table 1: Results of noise to ratio determinations between different pairs of hGH antibodies.

hGH Solid | H2 H8 G12 B4 D7
antibody | phase

. antibody
Labelled
antibody
H2 / 9.665 11.005 | 9.259 10.102
H8 g.512 / 7.833 8.446 6.384
G12 10.112 29.846 / 10.905 7.751
H4 11.213 | 8.675 12,225 1/ 6.843
D7 2.488 | 12.761 3.954 2.713 I /
Calibration;

The assay was calibrated, using dilutions of recombinant hGH (WHO International Standard,
NIBSC code 98/574), diluted in 20 mM K2P04, 6 mM EDTA, 0,5% BSA, 50uM Amastatin,
100uM Leupeptin, pH 8.0. (Fig. 1)

Assay specifications

The analytical assay sensitivity {imean relative light units of 20 determinations of hGH free
sample plas 2 S.D.) was 2pg/m! of hGH and the functional assay sensitivity (see above) was
8,5 pg/ml. Recovery and dilution was > 85% intra measurement range of 5-10.000 pg/ml
hGH. The coefficient of correlation of N=997 samples between the us-hGH assay and a
hGH assay specific for recombinant hGH (22K D) was r=0.98 and a r of 0.95 was found for
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an assay recognizing preferentially hGH isoforms naturally produced by the pituitary {20},
These dataindicating the suitability of all hGH isoform measurements within the present

invention.

Example 2 Population Study

Subjects and methods

Study population

The Malmé diet and cancer study (MDC) is a population-based, prospective epidemiologic
cohort of 28 449 individuals examined between 1991 and 1996 {18}, From this cohott a
random sample, examined between November 1991 and February 1994 (n=6103) were
included in the MDC cardiovascular cohort (MDC-CC), with the primary aim to study the
epidemiology of carotid artery disease {19}. When excluding individuals lacking values from
fasiing plasma samples and thus missing data on prevalence of diabetes mellitus or fasting
values of HDI-C, LDL-C or hGH, 4453 persons remained and comprise the primary study

cohotrt.

All participants provided written consent and the study was approved by the ethical

committes at Lund University, Lund, Sweden.

Clinical examination and assays

Participants underwent a medical history, physical examination and laboratory assessment.
Blood pressure was measured with a mercury-column sphygmomanometer after 10 minutes
rest in the supine position. Waist circomference was measured at the level of the umbilicus.
Current cigaretie smoking was defined as any use within the last year, and was surveyed
through a self-administered questionnaire. The same guestionnaire in combination with a
diary was used to record prevalence of anti-hypertensive medication at baseline, Diabetes
Mellitus was defined as either self-report of a physician diagnosis, use of diabetes medication
or fasting whole blood glucose higher than 6.0mmol/L (109 mg/dL).



WO 2014/108396 -20- PCT/ER2014/0650143

All samples of plasma and whole-blood were obtained after overnight fasting and samples
were drawn between 7.30 am and 9.00 am after 15 minutes of rest in the supine position.
Levels of HDL-C and total cholesterol were measured according to standard procedures at the
Department of Clinical Chemistry, University Hospital of Malmé. The levels of LDL-C were

5 calculated according to the Friedewald formula.

hGH levels were measured in stored fasting plasma samples, which had been frozen to -80°C
immediately at the MDC-CC baseline examination, The measurement was made with an
ultra-sensitivity chemiluminescence immunoassay (see example 1 us-hGH assay). The

10 detection limit was 2 pg/ml, functional assay sensitivity was 8,5 pg/ml. Measurement of hGH
is expressed in ng/m! (Ing/mi=2.6 mU/L).

Table 2. Clinica] characteristics of the study population.

Male Female

Number {% of whole cohort) 1873 (42.1) 2580 (57.9)
Age, mean {(SD), y 57.9 (6.0) 57.6 (5.9)
Systolic blood pressure, mean (SD), mmHg 144 (19) 141 (19)
Body Mass Index, Mean (SD), kg/m2 26.2 (3.5} 25.5(4.2)
Antihypertensive therapy, No. (%) 345 (18.4) 402(15.6)
Diabetes Mellitus, No. (%) 216 (11.5) 166 (6.4}
LDL-C, mean (SD), mmol/L 4.11 (0.90) 4.20 (1.04)
HDL-C, mean (SD), mmol/L 1.22 (0.30) 1.51 (0.37)
Current smokers, No. (%) 512 (27.3) 661 (25.6)

Growth Hormone, median (1QR), ng/mL 0.11 (0.06-0.34) 1.22 (0.39-3.15)*

*Significant difference vs males (p<.001). P for difference in other variables not
calcuated.

Abbreviations: BMI, Body Mass Index; LDL-C, Low-density lipoprotein cholesterol;
HDL, High-density lipoprotein cholesterol

15 Distribution of hGH in males and females

Table 3! frequence distribution of hGH in males and females
Range of hGH-values in quartiles for all-cause and CVD
mortality.

Males Q1 Q2 Q3 Q4



10

15

20

25

WO 2014/108396 ~21 - PCT/EP2014/050143

Minimum hGH 0.02 006 012 034
Maximum hGH 0.05 011 033 2394
Minimum Ln hGH -3.91 281 212 -1.10
Maximum Ln hGH -3.00 221 111 3.8

Females
Minimum hGH 601 040 122 315
Maximum hGH 039 121 314 4060

Minimmm Ln hGH -461 -092 020 115
Maximum Lan hGH 094 019 114 370

The lowest observed hGH concentrations were 0.02 ng/m! in males and 0,01 ng/ml in
females, indicating the suitability of the used ns-hGH test (analytical sensitivity: 0.002 ng/mi
( 2 pg/ml), functional assay sensitivity 0.0085ng/ml (8,5pg/ml}) for detecting fasting hGH in
all subjects. Cut off values for CVD-mortality in males may be above 0,34 ng/ml for high risk

subjects and below 0,06 ng/ml for low risk.??

{Clinical end points

We examined 4 primary outcomes: Coronary artery disease (CAD), stroke, cardiovascular
mortality and total mortality. The endpoints were retrieved through record linkage of the
personal identification number of each Swedish individual and the Swedish Hospital
Discharge Register (SHDR), the Swedish Cause of Death Register (SCDR), the Stroke in
Malmé Register and the Swedish Web-system for Enbancement and Development of
Evidence-based care in Heart disease Evaluated According to Recommended Therapies
(SWEDEHEART). The use of these registries for classification of outcomes has been
previously validated and the sensitivity for detecting events such as myocardial infarction has
been shown to exceed 90% {21}, {22}, {23}. CAD was defined as fatal or nonfatal
myocardial infarction, death due to ischemic heart disease, percutanecus coronary
intervention (PCT) or coronary artery by-pass grafting (CABG), whichever came first, on the
basis of International Classification of Diseases, 9" and 10™ revisions (ICD-9 and ICD-10)
codes 410 and 21 respectively in the SHDR or SCDR, codes 412 and 414 (ICD-9) or 122, 123
and 125 (ICD-10) of the SCDR. Stroke was defined as fatal or nonfatal stroke on the basis of
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codes 430, 431, 434 and 436 (ICD-9) or 160, 161, 163 and 164 (ICD-10). Cardiovascular
mortality was defined on the basis of (ICD-9) codes 390-459 or (ICD-10) codes 100-199 in
the SCDR. Follow up for outcomes extended to June 30, 2009.

Statistical analyses

Fasting values of hGH exhibited a right-skewed distribution and were transformed into the
natural logarithm before any analysis. To determine if hGH displayed any correlation with
traditional cardiovascular risk factors {24}, cross sectional analyses were performed at
baseline using linear regression models with hGH as the dependent variable and age, gender,
current smoking, anti-hypertensive medication, diabetes mellitus and the standardized values
for: systolic blood pressure, BMI, HDL-C and LDL-C as independent variables entered cither

separately (crude) or simultaneously (multivariate adjusted).

Multivariable Cox proportional hazard models were performed to examine the association
between hGH and incidence of cardiovascular events and mortality. In the analyses of CAD
and stroke, we excluded individuals who had a history of CAD (n=94) or stroke (n=35) before
baseline in respective analysis. All models were adjusted for age, sex, systolic blood pressure,
use of antihypertensive medication, current smoking, diabetes mellitus, BMI and levels of
LDL-C and HDL-C. We confirmed that the proportionality of hazards assumption was met
using Schoenfeld residuels (i.e. a test of non-zero slope in a generalized linear regression of
the scaled Schoenfeld residuals on time). Hazard ratios (HR) for hGH were expressed per 1-
SD increment of natural logarithm of hGH. In order to establish if there were any significant

gender differences a sex interaction tcst was performed.

To obtain Kaplan-Meier curves, the cohort was split into gender-specific quartiies.

Table 3 shows the cut off concentrations of the different quartiles in males and females. Cut
off concentrations may be adapted if hGH assays are wsed which recognize different sets of

one or more hGH isoforms.

To evaluate possible different results by using different assays, recognizing different sets of
hGH isoforms, we compared the assay (antibodies generated against recombinant hGH

(isoforml) described in example 1 with an assay preferentially recognizing isoforms 2-4 (Pit-
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hGH assay, {29}, hGH -results from 997 healthy subjects were correlated, the coefficient of
correlation was 0,95 (r=0,95), indicating almost identical results using assays binding to

different hGH isoforms.

To evaluate if hRGH could be used to reclassify risk we followed methods previously described
to calculate a net reclassification improvement (NRI) {25}. We used multivariable risk scores
with the parameters mentioned above to estimate the 10-year risk of developing a
cardiovascular event and classify the participants in the groups: less than 5%, 5% to less than
10%, 10% to less than 20%, 20% or greater, With the addition of values of h(GH, participants
could then be reclassified into different groups. We assessed the reclassification of subjects
and calculated a NRI as a measurement of the successfulness of the model. Model
discrimination was assessed by calculating the C statistics (Harrell’s), which represents the

area under the receiver operating characteristics (ROC) curve, for the different models {25},

All analyses except the NRI and C-statistics were performed using SPSS statistical software
(version 20.0.0, SPSS inc, Chicago, Il1). NRI and C-statistics analyses were made with Stata
software version 11 (StataCorp, College Station, Texas). A 2-sided P value of less than 0.05

was considered statistically significant.
Results
Cross-sectional analysis

Baseline characteristics of the cohort are shown in table 2. Women, as expected, had
significantly higher fasting values of hGH than men (table 3). In the crude regression models,
ail variaﬁies were significant determinants of hGH-levels in both genders with the exception
of age in women (Table 4). In the adjusted models, age, current smoking and HDL-C had a
significant positive correlation with hGH, while LDL-C and BMI exhibited significant
negative correlation in both genders (table 4). Systolic blood pressure had a significant
negative comrelation in females, but not in males. In women diabetes mellitus had a strong
negative correlation with hGH in the simple analysis, but was borderline non-significant in
the adjusted one. In contrast, the correlation between hGH and diabetes mellitus in males was
positive and significant in both models. The nultiple regression models had a R* value of

9.5% for males and 11.8% for females. When analyzing the whole cohort and adjusting for
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gender the R” value was 39%. Addition of the hGH-associated variables waist, insulin (natural
logarithm} and body fat percentage rendered a R? value of 10.4% for males and 12.6% for
females. Crude regression models including these extra variables all exhibited significant

negative correlation with fasting levels of hGH.
Growth hormone and the risk of CAD

Out of 4358 (1799 males, 2559 females) individuals without a history of previous CAD, 401
(249 males, 152 females) experienced a CAD-event during a median follow-up time of 16.1
vears (IQR, 15.4-16.7). Each SD increase of baseline hGH was associated with a multivariate-
adjusted HR of 1.14 (P=008) in the total cohort (Table5). The HR was similar in separate
analyses of men (HR, 1.17; p=01) but not significantly elevated in women. There was no
significant sex interaction in the outcome of CAD (p=.37). The top versus the bottom quartile
of hGH was associated with a HR of 1.33 (95%CI, 0.99-1.78; p=.03) in the total analysis,
1.46 (95%C1, 1.01-2.09; p=.04) in males and non significant in females (p=91), (Table 6).

Growth hormone and risk of stroke (see table 5 and 6)

4417 individuals (1849 males, 2568 females) in the cohort had no previous history of stroke.
During a median follow-up time of 16.2 years (IQR, 15.5-16.7), 265 persons (152 males, 123
females) suffered a stroke. Fach SD increase of fasting hGH at baseline was associated with a
multivariate-adjusted HR of 1.19 in the whole cohort, whereas the gender-specific analyses
generated a HR of 1.18 in males and was non-significant in females. There was no significant
sex interaction in the outcome (p=.81). The top versus the bottom quartile of hGH was
associated with a HR of 1.47 (95%CI, 1.02-2.11; p=.04) in the total apalysis, 1.48 (95%Cl,
0.91-2.42; p=.11) in males and 1.46 (85% CI, 0.83-2.58; p=.19) in females.

Growth hormone and fotal mortality (see table 5 and 6)

Out of 4452 individuals (1872 males, 2580 females) in the cohort, 698 (383 males, 315
females) were deceased after a median follow-up time of 16.2 years (IQR, 15.6-16.7). Each
SD increase of fasting hGH at baseline was related to a multivariate-adjusted HR of 1.21 in
the whole cohort, corresponding HR for males was 1.26 and non-significant for females. An

analysis of scx interaction showed sigpificant difference (p=.01) between the genders in the
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outcome. The top versus the bottom quartile of hGH was associated with a HR of 1.46
(95%CI, 1.17-1.84; p<.001) in the total analysis, 2.05 (95%CI, 1.47-2.86; p<.001) in males

and non significant in females (p=.96).

Growth Hormone and cardiovascular mortality (table 5 and 6)

In the cohort 4452 individuals were available for analysis at baseline and during the follow-up
time which was identical to the one in total mortality, 215 (126 males, 89 females) of these
were deceased with a cardiovascular event as the primary cause of death. Each SD increase of
fasting hGH at baseline was associated with a multivariate-adjusted HR of 1.51 in the total
cohort. The gender specific HRs were 1.41 for males and 1.38 for females. There was no
significant sex interaction in the outcome (p=.81). The top versus the bottom quartile of hGH
was associated with a HR of 2.68 (95%Cl, 1.70-4.23; p<.001) in the total analysis, 3.41
(95%CT, 1.76-6.61; p<.001) in males and 1.94 (95% C1, 0.98-3.81; p=.06) in females. Figure

2 illustrates the time-dependent development of CVD mortality events in male.

Growth Hormone is a short term predictor of CVD-mortality.

The time dependent development of CVD mortality is illustrated in Fig.2.

Surprisingly, the predictive discrimination between low rigk and high risk individuals was
stronger if the observation period was shortened (table 7).

hGH indicates is extraordinary strong in short term risk prediction of CVD mortality in males.
The relative risk of events {quartile 4 vs. quartile 1 at baseline} is >15 for a 2,5 vear risk
prediction, 9,1 for a S year risk prediction, 7,9 for a 10 year risk prediction and 4,2 fora 15
year risk prediction of CVD mortality in males. These data indicate the strong short term

prediction power of hGH and the suitability of serial measurements of hGH.

Table 7: hGH quartiles for prediction of CVD-mortality in males, variation of observation
period. Table 7 illustrates the short term risk of CVD mortality in males. The shorter the
observation period, the stronger the relative risk difference between lowest and highest hGH

guartiles:
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Baseline hGH | Baseline hGH | Relative risk
< 0,06ng/ml >0,34 ng/ml| quartile 4/
(lowest (highest quartile }
quartile) guartile)

2,5 yvear | 0 % CVD| 12% CVD| =>i§

follow up mortality mortality

5 year follow | 035% CVD . 32% CvD | 491

up mortality mortality

10 year follow | 09% CVD| 7,1% CVD: 79

up mortality mortality

15 year follow | 2,5%  CVD | 10,6% CVD| 42

up mortality mortality

Discrimination and risk reclassification

NRI-analyses were non-—sigmiﬁéant for CAD and stroke although a trend of improvement
could be seen in the total CAD and stroke analysis. In the outcome of total mertality, NRI was
significant for males (4.5%; p=0.005), but non-significant in females. Improvement mostly
stemmed from down-classification of nonevents (8.6%). In cardiovascular mortality NRI was
11.1% (p<.001) in all subjects and 10.2% (p=\05) in the female cohort, the improvement was
especially seen in up-classification of incident events (14.4% of events upgraded in total

sarnple and 16.9% in women).

The addition of hGH to the basic model improved all C-statistic for CAD , stroke, CVD
mortality and total mortality. An improvement from 70.5% to 71.4% was seen in the males
for total mortality. The largest improvement was seen in CVD-mortality with the c-statistics
increasing from 78.7% to 79.8% in the whole cohort, 75.7% to 77.1% in males and 80.4% to

81.2% in females.
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Table 4, Results from multiple linear regression models examining correlations hetween fasting
values of growth hormone and traditional cardiovascular risk markers.

Male Female
B B
Coefficie 95% CI P | Coefficie 95% CI P
Risk marker nt nt
Age 0.02 0.01 t0 0.03 <.001 0.02 0.01100.02 <.001
Systolic blood pressure 0.03 ~0.0210 0.08 .19 -0.04 00810 0.00 .05*
Antihypertensive
medication 0.12 0.00t0 0,24 .05 0.07 -0.03100.18 .18
-0.12 to - -0.2% to -
BMI -0.07 0.02 004 -0.25 0.21 <.001
Current smoking 0.30 0.20t0 040 <.001 0.19 0.10t0 0.27 <.001
01210 - -0.14 t0 -
LDL-C -0.08 0.04 <0011 -0.10 0.06 <.001
HDL.C 0.20 0.1510 025 <.001 0.08 0.05t60.12 <001
Diabetes Mellitus 0.22 0.08 10 036 .002 -0.15 030t 0.01 .06

The B coefficients are expressed as the increment of standardized values of the natural
logarithm of hGH per 1 increment of standardized values (or prescence of dichotomized risk

marker) of the risk marker in question. NB age is not standardized. BMI (weight in kilograms
divided by height in meters squared), systolic blood pressure, and fasting values of HDL and

LDL are standardized. Prevalence of Diabetes mellitus, current smoking and use of
antihypertensive medication are dichotomous variables,
Abbreviations: BMI, Body Mass Index; LDL-C, Low-density hipoprotein cholesterol; HDL,
High-density lipoprotein cholesterol
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"T'able 5: Multivariate adjusted Cox proportional hazards model for
baseline fasting value of hGH vs. incidence of CAD, stroke, all-cause
mortality and cardiovascular mortality.
Event Subgroup nfevents HR  95%Cl P
CAD All 4358/401 1.14 1.01-1.29 .04
Males 1799/249  1.17 1.04-1.33 .01
Females 2559/152 1.02 0.86-1.21 .81
Stroke All 4417/265 119 1.02-1.39 .2
Males 1849/152 1.18 1.01-1.39 .04
Females 2568/123 1.14 0.94-1.39 .18
Total mertality All 4452/698 1.21 1.11-1.33 <.001
Males 1872/383  1.26 1.14-1.39 <.,001
Females 2580/315 L04 0.92.1.17 .53
CVD mortality All 4452/215 151 1.28-1.78 <.001
Males 1872/126 141 1.20-1.66 <.001
Females 2580/89 138 1.08-1.76 .009
Hazard ratios (HR) {95% CT} are expressed per 1 SD increment of the
natural logarithm of hGH. Variables adjusted for in the analysis: age,
systolic blood pressure, use of antihypertensive medication, BMI (weight
in kilograms divided by height in meters squared), Prevalence of

diabetes mellitus, current smoking and fasting valves of HDL and LDL.
In addition adjusted for sex in the gender combined analyses.
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Figure description
Figure 1: shows a typical us-hGH assay dose/ signal curve.

Figure 2: Kaplan Meier Analysis of hGH quartiles (see table 3} of CVD mortality prediction
in males. Y-axis: One minus Survival Functions (% event/ 100)X-axis: Follow-up period
(vears) form baseline to emigration or death or last follow-up date (2009-06-30),
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CLAIMS

A method for predicting the cardiovascular risk within 10 years in a subject

comprising:

u determining the fasting level of growth hormone (hGH), and/or its isoforms

in a bodily fluid obtained from said subject; and

| correlating said fasting level of growth hormone (hGH), and/or its isoforms
with a cardiovascular risk, wherein an enhanced level is predictive for an

enhanced risk,

wherein the cardiovascular risk is defined as an adverse event and wherein the risk
of said adverse event is predicted within 10 years and wherein the cardiovascular
risk is defined as an adverse event selected from the group comprising stroke, CVD
(cardiovascular disease)-mortality and Coronary artery disease (CAD) wherein the
latter comprises fatal or nonfatal myocardial infarction, death due to ischemic heart
disease, percutaneous coronary intervention (PCI) or coronary artery by-pass

grafting (CABG).

A method according to claim 1wherein said cardiovascular risk is predicted for a

time period of 5 years, or 2,5 years.
A method according to claim 1 or 2 wherein the risk of CVD mortality is predicted
wherein CVD mortality is death because of myocardial infarction, heart failure or

stroke.

A method according to any of claims 1 to 3 wherein said subject is male.
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A method according to any of claims 1 to 4 wherein said fasting level of growth
hormone (hGH), and/or its isoforms in a bodily fluid is determined by an
ultrasensitive assay having an analytical assay sensitivity of less than 100 pg/ml,
preferred less than 50 pg/ml, preferred less than 30 pg/ml, preferred less than 20
pg/ml, preferred less than 10 pg/ml, preferred less than 5 pg/ml, preferred 2 pg/ml.

A method according to any of claims 1 to 5 wherein said fasting level of growth
hormone (hGH), and/or its isoforms in a bodily fluid is determined by an
ultrasensitive assay having a functional assay sensitivity of less than 400 pg/ml,
preferred less than 200 pg/ml, preferred less than 120 pg/ml, preferred less than 80
pg/ml, preferred less than 40 pg/ml, preferred less than 20 pg/ml, preferred 10
pg/ml most preferred less than 8,5 pg/ml

A method according to any of claims 1 to 6 wherein said assay is either specific for
one of the secreted hGH isomers, or for more than one or is specific for and
determines all secreted isomers of hGH selected from the group comprising isomer
1, isomer 2, isomer 3 and isomer 4 (SEQ ID. NO: 1 to 4) in said bodily fluid.

A method according to any of claims 1 to 7 wherein said a method is performed
more than once in order to monitor the cardiovascular risk in a subject or in order

to monitor the course of treatment.

A method according to claim 8 wherein said monitoring is performed in order to
evaluate the response of said subject to preventive and/or therapeutic measures

taken.

A method according to any of claims 1 to 9 in order to stratify said subjects into

risk groups and/or to reclassify said subjects for the cardiovascular risk.

A method according to any of claims 1-10 wherein the bodily fluid is blood or

plasma or serum.

A method according to any of claims 1 to 11 wherein said subject is male and

wherein the threshold is from 340 pg/m! to 60 pg/ml, wherein a fasting level of
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growth hormone (hGH), and/or its isoforms above a threshold of 340 pg/ml is
predictive for a high risk and a fasting level below a threshold of 60pg/ml is

predictive for a low risk.

A method according to any of claims 1 to 11 wherein said subject is female and
wherein the threshold is from 3150 pg/ml to 400 pg/ml, wherein a fasting level of
growth hormone (hGH), and/or its isoforms above a threshold of 3150 pg/ml is
predictive for a high risk and a fasting level below a threshold of 400 pg/ml is

predictive for a low risk.

A method according to any of claims 1-13, wherein said CVD (cardiovascular

disease) is selected from myocardial infarction, heart failure and stroke.

A method according to claims 1 to 14, wherein additionally at least one clinical
parameter is determined selected from the group comprising: age, presence of

diabetes mellitus, current smoking.

A method according to any of claims 1 to 15, wherein additionally at least one
further biomarker is determined in the bodily fluid of said subject and correlated
with said cardiovascular risk, wherein said additional biomarker is selected from
the group comprising: pro-Neurotensin (PNT) 1-117 and fragments thereof having
at least a length of five amino acids, C-reactive protein (CRP), pro-brain natriuretic
peptide 1-108 (pro-BNP) 1-108, Pro-BNP, BNP, Pro Atrial Natriuretic Peptide 1-
98  (proANP-N-terminal  fragment), Pro-ANP, Adrenomedullin, pro-
Adrenomedullin (proADM) 24-71, ProADM 127-164, pro- Atrial Natriuretic
Peptide (pro-ANP) and fragments thereof having at least a length of five amino
acids, ST-2, GDF15, Galectin-3 and Copeptin.

A method according to any of claims 1 to 3, 6 to 11 and 13 to 16, wherein said
subject is female and wherein additionally one further biomarker is determined in
the bodily fluid of said female subject and correlated with said cardiovascular risk,
wherein said additional biomarker is pro-Neurotensin (PNT) and fragments thereof

having at least a length of five amino acids.
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A method according to any of claims 1 to 17, wherein said subject has a disease or
has had an event selected from the group comprising atherosclerosis, high blood

pressure, heart failure, myocardial infarction.

A method according to any of claims 1 to 18, wherein the fasting level said of

growth hormone (hGH), and/or its isoforms is measured with an immunoassay.

A method according to claim 19, wherein said immunoassay comprise at least one

antibody, preferably two antibodies, having a binding affinity of 10*M or less.

A ultra sensitive hGH assay comprising at least one monospecific binder,
preferably two monospecific binders, having a binding affinity of 10M or less to
hGH and its isoforms and wherein said binder (s) is either specific for one of the
secreted hGH isomers, or for more than one or is specific for and binds to all
secreted isomers of hGH selected from the group comprising isomer 1, isomer 2,
isomer 3 and isomer 4 (SEQ ID. NO: 1 to 4) and wherein ultrasensitive assay has
an analytical assay sensitivity of less than 100 pg/ml, preferred less than 50 pg/ml,
preferred less than 30 pg/ml, preferred less than 20 pg/ml, preferred less than 10
pg/ml, preferred less than 5 pg/ml, preferred 2 pg/ml. or a functional assay
sensitivity of less than 400 pg/ml, preferred less than 200 pg/ml, preferred less than
120 pg/ml, preferred less than 80 pg/ml, preferred less than 40 pg/ml, preferred
less than 20 pg/ml, preferred 10 pg/ml most preferred less than 8,5 pg/ml.

A ultra sensitive hGH assay according to claims 21 wherein said monospecific

binder is a monoclonal antibody.

Use of an ultrasensitive hGH assay according to claims 21 or 22 in a method

according to any of claims 1 to 17.



