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IncRNAs GADLOR 1 and 2 for use in treating and preventing cardiac remodelling

The present invention relates to a compound inhibiting the expression and/or the activity of a
long non-coding RNA (IncRNA) selected from GADLOR 1 and GADLOR 2 for use in treating
or preventing cardiac remodelling, wherein GADLOR 1 comprises or consists of a nucleic
acid sequence selected from the group consisting of SEQ ID NOs 1 to 3 and sequences
being at least 75% identical thereto, and GADLOR 2 comprises or consists of a nucleic acid
sequence selected from the group consisting of SEQ ID NOs 4 to 6 and sequences being at

least 75% identical thereto.

In this specification, a number of documents including patent applications and manufacturer’'s
manuals are cited. The disclosure of these documents, while not considered relevant for the
patentability of this invention, is herewith incorporated by reference in its entirety. More
specifically, all referenced documents are incorporated by reference to the same extent as if
each individual document was specifically and individually indicated to be incorporated by

reference.

Large-scale analysis of mammalian transcriptomes uncovered that transcription of genomes
leads to a complex proportion of RNA molecules of which only a small fraction serves as
templates for protein synthesis. Several studies indicate that these non-coding RNAs
(ncRNAs) have as important biological functions as their protein coding counterparts and
suggest that altered expression or function of ncRNAs effects cardiovascular diseases,
including cardiac diseases involving cardiac remodelling, such as cardiac hypertrophy and

fibrosis, coronary artery disorders, as well as myocardial infarction.

The most reflected ncRNAs in cardiovascular research are microRNAs (miRNAs, miRs).
These are endogenous, single-stranded RNAs composed of approximately 20-22
nucleotides that bind other transcripts reducing the stability and/or translation of their targets.
For example, it was shown that miR-21 and miR-132 induce cardiac fibrosis or hypertrophy,
respectively, and that in vivo repression of these miRNAs by specific AntagomiRs (being
chemically engineered oligonucleotides silencing miRNAs) rescues fibrosis or hypertrophy in
cardiac disease model of pressure-overload (Thum et al. Nature. 2008 456(7224):980-4.;
Ucar and Gupta et al. Nat Commun. 2012 3:1078). In another study it was found that miR-24
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acts as a critical regulator of angiogenesis in ischemic heart disease (Fiedler et al.
Circulation. 2011 124(6):720-30). Topkara and Mann (2011), Cardiovasc Drugs Ther,;
25(2):171-82 provides a review on the role of miRNAs in cardiac remodelling and heart

failure.

More recent studies indicate that similar to miRNAs, long ncRNAs (IncRNAs) may also play
an important role in various biological processes. LncRNAs are mRNA-like transcripts
ranging from 200 nucleotides up to 100 kilobases and are classified based on their genomic
distribution relative to protein-coding genes (sense to exons and/or introns, antisense,
bidirectional, or intergenic). Several IncRNA transcripts are exclusively restricted to the
nucleus, while others are also found in the cytoplasm. Here they interact with proteins as well
as other RNA or DNA molecules enabling IncRNAs to influence a variety of gene regulatory
mechanisms  including chromatin  modification, genomic  imprinting,  nuclear
compartmentalization and architecture, as well as transcriptional and post-transcriptional
regulation (Schonrock et al. Circ Res. 2012 Oct 26;111(10):1349-62.; Caley et al.
ScientificWorldJournal. 2010 10:90-102). Not surprisingly, IncRNAs are involved in human

disease, such as cancer, metabolic and neuronal disorders.

However, little is known about their role in cardiovascular biology and in particular in cardiac
disease. Chronic heart failure is a common and deadly disease. It mainly develops after
myobardia! infarction or due to arterial hypertension or abnormalities of the cardiac valves'?.
In the course of these diseases, an increased workload is imposed on the left ventricular
chamber of the heart. As consequence, the myocardium mounts a hypertrophic response
with growth of cardiomyocytes in order to maintain cardiac output. Although initially
compensatory, this pathological hypertrophy often leads to the development of heart failure
in the long term'?. Beside cardiomyocyte growth, there are profound changes in the
myocardial capillary network during disease progression: In the initial compensatory phase
angiogenesis and capillary density are increased>*, but in endstage heart failure, capillary
rarefaction emerges in the myocardium of mice and patients®. In addition to their crucial role
for blood supply, capillary endothelial cells (ECs) communicate with cardiomyocytes and
regulate growth and function of these cells independent of perfusion®*®’. ECs relay specific
paracrine signals for example via protein growth factors®®, but they also shed small vesicles

like exosomes and thereby transfer micro-RNAs to cardiomyocytes™.

Recent studies indicated that the two IncRNAs Braveheart (Bvht) and FOXF1 adjacent non-
coding developmental regulatory RNA (Fendrr) are required for the differentiation of

cardiomyocytes and the development of lateral mesoderm tissue in the heart and body wall,
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respectively (Klattenhoff et al. Cell. 2013 152(3):570-83.; Grote et al. Dev Cell. 2013
24(2):206-14). Both IncRNAs modulate the epigenetic profile of cells via an interaction with
chromatin modifying complexes. Recent reports have also started to explore the role of
IncRNAs in cardiovascular disease. Genome-wide association study (GWAS) identified
single-nucleotide polymorphisms (SNPs) in loci encoding for the IncRNAs MIAT (myocardial
infarction-associated transcript) or ANRIL (antisense noncoding RNA in the INK4 locus) that
seem to be related to risk of myocardial infarction or coronary artery disease (Ishii et al. J
Hum Genet. 2006 51(12):1087-99.; McPherson et al. Science. 2007 316(5830):1488-91).
The IncRNA Keng1ot1 controls the expression of its antisense gene Kcng1 that encodes for
a potassium channel. Since the potassium channel activity is essential for a normal cardiac
performance, an altered regulation related by IncRNAs might lead to an abnormal heart
function (Korostowski et al. PLoS Genet. 2012 8(9):e1002956). The circulating IncRNA
LIPCAR can be used to predict survival in patients with heart failure (Kumarswamy et al.
(2014), Circ Res.; 114(10):1569-75). Moreover, the IncRNA Chast has been shown to
promote cardiac remodelling (Viereck et al. (2016), Sci Transl Med.; 8(326):326ra22).

One of the main challenges in cardiac disease research is to identify novel and effective
approaches to modulate gene networks or specific intracellular signaling pathways that may
prove as effective therapeutic options themselves or have the potential to expand the
efficiency of existing therapeutic strategies. The object of the present invention is therefore
the provision of novel means and methods for treating or preventing cardiac diseases, in
particular cardiac remodelling. It was surprisingly found in connection with the present
invention that the IncRNAs GADLOR 1 and 2 play a role in the development of cardiac
remodelling thereby providing novel therapeutic and diagnostic strategies.

Hence, the present invention relates in a first aspect to a compound inhibiting the expression
and/or the activity of a long non-coding RNA (IncRNA) selected from GADLOR 1 and
GADLOR 2 for use in treating or preventing cardiac remodelling, wherein GADLOR 1
comprises or consists of a nucleic acid sequence selected from the group consisting of SEQ
ID NOs 1 to 3 and sequences being at least 75% identical thereto, and GADLOR 2
comprises or consists of a nucleic acid sequence selected from the group consisting of SEQ

ID NOs 4 to 6 and sequences being at least 75% identical thereto.

The present invention also encompasses a method for treating or preventing cardiac
remodelling in a patient in need thereof by administering to the patient a therapeutically
effective amount of a compound inhibiting the expression and/or the activity of a long non-
coding RNA (IncRNA) selected from GADLOR 1 and GADLOR 2, wherein GADLOR 1
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comprises or consists of a nucleic acid sequence selected from the group consisting of SEQ
ID NOs 1 to 3 and sequences being at least 75% identical thereto, and GADLOR 2
comprises or consists of a nucleic acid sequence selected from the group consisting of SEQ

ID NOs 4 to 6 and sequences being at least 75% identical thereto.

As used herein “GADLOR 1” and “GADLOR 2” (GATA Downregulated Long non-coding
RNA 1 and 2) designate two IncRNAs that were found to be expressed in cardiac endothelial
cells of mice. The mouse GADLOR 1 and GADLOR 2 genes are both found on chromosome
16 in close proximity to each other. Only 3601 bp separate these genes. An orthologous
genomic region can be found on human chromosome 3. GADLOR 1 and GADLOR 2 are
conserved in mammals (see Fig. 3f). The IncRNA GADLOR 1 sequences of human, mouse,
and rat are shown in SEQ ID NO: 1, 2 and 3, respectively. Among the GADLOR 1 sequences
the human GADLOR 1 sequence is most preferred. The human GADLOR 1 sequence of
SEQ ID NO: 1 shares 57.3% identity with the mouse GADLOR 1 sequence of SEQ ID NO: 2
(in a 2628 nucleotides overlap), and shares 57.5% identity with the rat GADLOR 1 sequence
of SEQ ID NO: 3 (in a 2694 nucleotides overlap). The mouse and rat GADLOR 1 sequences
share 77.3% identity (in a 2447 nucleotides overlap). The IncRNA GADLOR 2 sequences of
human, mouse, and rat are shown in SEQ ID NO: 4, 5 and 6, respectively. Among the
GADLOR 2 sequences the human GADLOR 2 sequence is most preferred. The human
GADLOR 2 sequence of SEQ ID NO: 4 shares 75.1% identity with the mouse GADLOR 2
sequence of SEQ ID NO: 5 (in a 619 nucleotides overlap), and shares 75.4% identity with the
rat GADLOR 2 sequence of SEQ ID NO: 6 (in a 621 nucleotides overlap). The mouse and rat
GADLOR 2 sequences share 87.0% identity (in a 1378 nucleotides overlap).

It is of further note with respect to the sequence conversation of GADLOR 1 among
mammals that the mouse GADLOR 1 sequence is reversely expressed as compared to the
human and rat GADLOR 1 sequences. Hence, when aligning the mouse GADLOR 1
sequence with the human or rat GADLOR 1 sequence the above-discussed sequence
identities are found when the mouse sequence has a 3’ to 5’ orientation whereas the human
or rat sequence has a 5 to 3’ orientation (or vice versa). The same reverse orientation can

be found for the GADLOR 2 sequences of human, mouse and rat.

The sequence identity of at least 75% with respect to any one of SEQ ID NOs 1 to 3 is with
increasing preference at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% and at least 99.5%. The sequence identity is selected
separately for each of the GADLOR 1 sequences of SEQ ID NOs 1 to 3. Also the sequence
identity of at least 75% with respect to any one of SEQ ID NOs 4 to 6 is with increasing
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preference at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% and at least 99.5%. Again, the sequence identity is selected
separately for each of the GADLOR 2 sequences of SEQ ID NOs 4 to 6. Preferred examples
of nucleic acid sequences being at least 75% identical to one or more sequences of SEQ ID
NOs 1 to 6 are nucleic acid sequences differing with increasing preference by no more than
10, such as 5, 4, 3, 2 or 1 nucleotide(s) from any one of SEQ ID NOs 1 to 6. The nucleotide

differences may be the addition, deletion and/or substitution of nucleotide(s).

The term “ncRNA” or “non-coding RNA” as used herein designates a functional RNA
molecule that is not translated into a protein. The DNA sequence from which a non-coding
RNA is transcribed is often called in the art an RNA gene. The term “IncRNA” or “long non-
coding RNA” is commonly used in the art and designates an ncRNA comprising more than
200 nucleotides. All species orthologs of GADLOR 1 and GADLOR 2 have more than 200
nucleotides. GADLOR 1 and GADLOR 2 are therefore IncRNAs.

A compound inhibiting the expression of GADLOR 1 and/or GADLOR 2 is in accordance with
the present invention a compound lowering or preventing the transcription of the gene
encoding GADLOR 1 and/or GADLOR 2. Such compounds include compounds interfering
with the transcriptional machinery and/or its interaction with the promoter of said gene and/or
with expression control elements remote from the promoter such as enhancers. The
compound inhibiting the expression of GADLOR 1 and/or GADLOR 2 specifically inhibits the
expression of said INCRNA(s), for example, by specifically interfering with the promoter region
controlling the expression of one or both of these IncRNAs. Preferably, the transcription of
GADLOR 1 and/or GADLOR 2 is reduced by at least 50%, more preferred at least 75% such
as at least 90% or 95%, even more preferred at least 98% and most preferred by about

100% (e.g., as compared to the same experimental set up in the absence of the compound).

A compound inhibiting the activity of GADLOR 1 and/or GADLOR 2 in accordance with the
present invention causes said InNcCRNA(s) to perform its/their function with lowered efficiency.
The compound inhibiting the activity of GADLOR 1 and/or GADLOR 2 specifically inhibits the
activity of said IncRNA(s). Preferably, the activity of GADLOR 1 and/or GADLOR 2 is
reduced by at least 50%, more preferred at least 75% such as at least 90% or 95%, even
more preferred at least 98%, and most preferably about 100% (e.g., as compared to the
same experimental set up in the absence of the compound). The activity of GADLOR 1
and/or GADLOR 2 is preferably its/their capability to induce cardiac remodelling. Means and
methods for determining the reduction of activity of a RNA are established in the art and are
described, for example, in Esau et al. (2004), JBC, 279:52361-52365 or Gribbings et al.
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(2009), Nature Cell Biology 11, 1143-1149. A compound inhibiting the activity of GADLOR 1
and/or GADLOR 2 may be, for example, an antisense molecule, siRNA, shRNA, antibody,
ribozyme, aptamer, or small molecule. These and other compounds will be further detailed

herein below.

The efficiency of an inhibiting said compound can be quantified by methods comparing the
level of activity in the presence of the inhibitor to that in the absence of the inhibitor. For
example, the change in the amount of GADLOR 1 and/or GADLOR 2 formed may be used in
the measurement of its activity. As a further example, a reduction in the amount of BNP
and/or RCAN1.4 formed may be used in the measurement of its activity (noting that the
upregulation of GADLOR 1 and GADLOR 2 is shown in the examples to be accompanied by
the upregulation of BNP and RCAN1.4). As another example, an increase in the activation of
the kinases p38 and/or Akt formed may be used in the measurement of its activity (noting
that the upregulation of GADLOR 1 and GADLOR 2 is shown in the examples to be
accompanied by the downregulation of the activation of p38 and Akt). As a further example,
the change in the amount of GADLOR 1 and/or GADLOR 2 formed may be used in the
measurement of its activity. Such methods may be effected in high-throughput format in
order to test the efficiency of several inhibiting compounds simultaneously. High-throughput
assays, independently of being biochemical, cellular or other assays, generally may be
performed in wells of microtiter plates, wherein each plate may contain 96, 384 or 1536
wells. Handling of the plates, including incubation at temperatures other than ambient
temperature, and bringing into contact of test compounds with the assay mixture is preferably
effected by one or more computer-controlled robotic systems including pipetting devices. In
case large libraries of test compounds are to be screened and/or screening is to be effected
within short time, mixtures of, for example 10, 20, 30, 40, 50 or 100 test compounds may be
added to each well. In case a well exhibits the expected activity, said mixture of test
compounds may be de-convoluted to identify the one or more test compounds in said

mixture giving rise to said activity.

The compounds inhibiting the expression and/or the activity of GADLOR 1 and/or GADLOR 2
may be formulated as vesicles, such as liposomes or exososmes. Liposomes have attracted
great interest because of their specificity and the duration of action they offer from the
standpoint of drug delivery. Liposomal delivery systems have been used to effectively deliver
nucleic acids, such as siRNA in vivo into cells (Zimmermann et al. (2006) Nature, 441:111-
114). Liposomes are unilamellar or multilamellar vesicles which have a membrane formed
from a lipophilic material and an aqueous interior. The aqueous portion contains the

composition to be delivered. Cationic liposomes possess the advantage of being able to fuse
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to the cell wall. Non-cationic liposomes, although not able to fuse as efficiently with the cell
wall, are phagocytosed by macrophages and other cells in vivo. Exosomes are lipid
packages which can carry a variety of different molecules including RNA (Alexander et al.
(2015), Nat Commun; 6:7321). The exosomes including the molecules comprised therein can
be taken up by recipient cells. Hence, exosomes are important mediators of intercellular
communication and regulators of the cellular niche. Exosomes are useful for diagnostic and

therapeutic purposes, since they can be used as drug delivery vehicles.

The compounds inhibiting the expression and/or the activity of GADLOR 1 and/or GADLOR 2
can be administered to the subject at a suitable dose. The dosage regimen will be
determined by the attending physician and clinical factors. As is well known in the medical
art, dosages for any one patient depend upon many factors, including the patient's size, body
surface area, age, the particular compound to be administered, sex, time and route of
administration, general health, and other drugs being administered concurrently. The
therapeutically effective amount for a given situation will readily be determined by routine
experimentation and is within the skills and judgement of the ordinary clinician or physician.
Generally, the regimen as a regular administration of the pharmaceutical composition should
be in the range of 1 pg to 5 g units per day. However, a more preferred dosage is in the
range of 0.01 mg to 100 mg, even more preferably 0.01 mg to 50 mg and most preferably
0.01 mg to 10 mg per day. Furthermore, if for example said compound comprises or is an
nucleic acid molecule, such as an siRNA, the total pharmaceutically effective amount of
pharmaceutical composition administered will typically be less than about 75 mg per kg of
body weight, such as for example less than about 70, 60, 50, 40, 30, 20, 10, 5, 2, 1, 0.5, 0.1,
0.05, 0.01, 0.005, 0.001, or 0.0005 mg per kg of body weight. More preferably, the amount
will be less than 2000 nmol of nucleic acid molecule per kg of body weight, such as for
example less than 1500, 750, 300, 150, 75, 15, 7.5, 1.5, 0.75, 0.15, 0.075, 0.015, 0.0075,
0.0015, 0.00075 or 0.00015 nmol per kg of body weight.

The length of treatment needed to observe changes and the interval following treatment for
responses to occur vary depending on the desired effect. The particular amounts may be
determined by conventional tests which are well known to the person skilled in the art.
Suitable tests are, for example, described in Tamhane and Logan (2002), “Multiple Test
Procedures for Identifying the Minimum Effective and Maximum Safe Doses of a Drug”,

Journal of the American statistical association, 97(457):1-9.

The compounds inhibiting the expression and/or the activity of GADLOR 1 and/or GADLOR 2

are preferably admixed with a pharmaceutically acceptable carrier or excipient to form a
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pharmaceutical composition. By “pharmaceutically acceptable carrier or excipient” is meant a
non-toxic solid, semisolid or liquid filler, diluent, encapsulating material or formulation
auxiliary of any type (see also Handbook of Pharmaceutical Excipients 6ed. 2010, Published
by the Pharmaceutical Press). The compounds inhibiting the expression and/or the activity of
GADLOR 1 and/or GADLOR 2 or the pharmaceutical composition may be administered, for
example, orally, parenterally, such as subcutaneously, intravenously, intramuscularly,
intraperitoneally, intrathecally, transdermally, transmucosally, subdurally, locally or topically
via iontopheresis, sublingually, by inhalation spray, aerosol or rectally and the like in dosage
unit formulations optionally comprising conventional pharmaceutically acceptable carriers or

excipients.

The term cardiac remodelling is defined herein as an alteration in the structure (e.g.,
dimensions, mass, shape) of the heart. Cardiac remodelling may occur in response to
hemodynamic load and/or cardiac injury in association with neurohormonal activation.
Remodelling may be described as physiologic or pathologic. For instance, pathologic (or
unhealthy) cardiac remodelling is to be held distinct from physiologic (or healthy) cardiac
remodelling (such cardiac remodelling or "athlete's heart") which is a normal response of the
heart, for example, in response to healthy exercise or pregnancy. Among healthy subjects,
rowers or cyclists tend to have the largest hearts, with an average left ventricular wall
thickness of 1.3 centimeters, compared to 1.1 centimeters in average adults. Cardiac
remodelling is in accordance with the invention also unhealthy cardiac remodelling or
pathological remodelling, such as cardiac remodelling in response to stress or disease, e.g.,
hypertension, heart muscle injury (myocardial infarction), heart failure or neurohormones.

The remodelling process preferably includes increases in myocardial mass.

The term “nucleic acid sequence” or “nucleotide sequence” or “polynucleotide sequence”, in
accordance with the present invention, includes DNA and RNA. SEQ ID NOs 1 to 3 are
sequences of the INcRNA GADLOR 1 and SEQ ID NOs 4 to 6 are sequences of the IncRNA
GADLOR 2. SEQ ID NOs 1 to 6 are therefore single-stranded RNA sequences. As will be
further detailed herein below, nucleotide-based compounds inhibiting the expression of
GADLOR 1 and/or 2 may comprise DNA sequences (e.g. LNA GapmeRs) or RNA
sequences (e.g. siRNAs). As will be also further detailed herein below, nucleotide-based
compounds inhibiting the expression of GADLOR 1 and/or 2 may be single stranded (e.g.
LNA GapmeRs) or double-stranded (e.g. siRNAs). Short “nucleic acid sequences” are also
referred to herein as “oligonucleotide sequences”. Oligonuclectide sequences are less than
50 nucleotides in length, preferably less than 40 nucleotides and most preferably less than

30 nucleotides.
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Capillary endothelial cells modulate myocardial growth and function during pathological
stress, but it is unknown how and whether this contributes to the formation of heart failure. As
is shown in the examples herein below, the endothelial cell transcription factor GATA?2 is
downregulated in human failing myocardium. Endothelial GATA2 knock-out (G2-EC-KO)
mice develop heart failure and defective myocardial signal-transduction during pressure
overload, indicating that the GATAZ2 downregulation is maladaptive. Heart failure and
perturbed signalling in G2-EC-KO mice is induced by strong upregulation of the two
endothelial cell derived IncRNAs GADLOR 1 and 2. Mechanistically, the GADLOR 1 and 2
IncRNAs transfer from endothelial cells to cardiomyocytes via exosomes, where they bind
the Ras-like protein TC21 and block downstream stress-induced signalling. Therefore,
IncRNAs can contribute to disease as paracrine effectors of signal-transduction. It is
furthermore shown in the examples of this application that the administration of effect of
GADLOR 1 and 2 prior to TCA surgery of mice induces cardiac function and cardiac
remodelling. The TAC mouse model is well-established model for cardiac remodelling (Mei et
al. (2006), Clin Exp Pharmacol Physiol.; 33(9):773-9.). Increased GADLOR 1 and 2 levels in
the myocardium and serum of human heart failure patients were observed, thereby showing
that the findings in mouse can be transferred to humans and other mammals. Hence, a direct
effect of GADLOR 1 and 2 on cardiac remodelling is demonstrated in the examples hereion
below. GADLOR 1 and 2 are therefore prospective therapeutic targets for treating and

preventing cardiac remodelling.

In accordance with a preferred embodiment of the first aspect of the invention, the cardiac
remodelling is Heart Failure with preserved Ejection Fraction (HFpEF), Heart Failure with
reduced Ejection Fraction (HFrEF), myocardial infarction related cardiac remodelling, a
genetic cardiac disease associated cardiac remodelling, cardiac hypertrophy and/or cardiac

dysfunction related cardiac remodelling.

Among this list of cardiac remodelling conditions Heart Failure with preserved Ejection
Fraction (HFpEF), Heart Failure with reduced Ejection Fraction (HFrEF) are more preferred.
As will be described in more detail in the following, all heart conditions listed in this preferred
embodiment are associated with cardiac remodelling and therefore can be treated or
prevented in accordance with the present invention by a compound inhibiting the expression
and/or the activity of GADLOR 1 and/or GADLOR 2.

Heart Failure with preserved Ejection Fraction (HFpEF) (also referred to as diastolic heart
failure) is commonly understood as manifestation of signs and symptoms of heart failure with

a normal ejection fraction (> 50%). HFpEF is characterized by cardiac remodelling, in
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particular a decrease in left ventricular compliance, leading to increased pressure in the left
ventricle. Accordingly, concentric remodelling (with or without LV hypertrophy) is seen in
many HFpEF patients. Also an increased left atrial size is often seen with HFpEF as a result
of the poor left ventricular diastolic function. There is an increased risk for the development of
congestive heart failure, atrial fibrillation, and pulmonary hypertension. Risk factors are
hypertension, hyperlipidemia, diabetes, smoking, and obstructive sleep apnea. Morbidity and
mortality in HFpEF patients are similar to values observed in patients with heart failure (HF)
and reduced EF (i.e. HFrEF patients). However, so far no effective treatment has been
identified for HFpEF (Borlaug and Paulus et al. (2014), Eur Heart J., 32(6):670-679). For this
reason the treatment means and methods disclosed herein are of particular importance for

HFpEF patients or patients being at risk of becoming HFpEF.

Heart Failure with reduced Ejection Fraction (HFrEF) (also referred to as systolic heart
failure) is commonly understood as manifestation of signs and symptoms of heart failure with
an ejection fraction less than 40%. HFrEF generally occurs when the left ventricle is dilated
and enlarged with poor systolic function. Around 50% of HF patients have a HFpEF and
around 50% of heart failure patients have a HFrEF. Just as HfpEF, HFrEF is characterized
by cardiac remodelling, in particular a decrease in left ventricular compliance, leading to

increased pressure in the left ventricle.

Myocardial infarction (Ml) is commonly known as a heart attack. Ml occurs when blood flow
stops to a part of the heart causing damage to the heart muscle. After an Ml typically
postinfarction cardiac remodelling is observed. In more detail, the acute loss of myocardium
caused by the MI results in an abrupt increase in loading conditions that induces a unique
pattern of remodelling involving the infarcted border zone and remote noninfarcted
myocardium. Myocyte necrosis and the resultant increase in load trigger a cascade of
biochemical intracellular signaling processes that initiates and subsequently modulates
reparative changes, which include dilatation, hypertrophy, and the formation of a discrete
collagen scar. In particular, ventricular remodelling may continue for weeks or months after
the MI until the distending forces are counterbalanced by the tensile strength of the collagen
scar. The postinfarction cardiac remodelling after Ml is referred to herein as “myocardial

infarction related cardiac remodelling”.

A genetic (or inherited) cardiac disease is caused by changes in genes that are passed from
generation to generation. Many different types of heart diseases can be inherited. Examples
include conditions that affect the heart muscle, called inherited cardiomyopathies, such as

hypertrophic cardiomyopathy, dilated cardiomyopathy, Morbus Fabry disease, amyloidoses
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and arrhythmogenic right ventricular cardiomyopathy. These examples also involve cardiac
remodelling. Specific examples of genetic cardiac diseases which are associated with
cardiac remodelling include but are not limited to hereditary hypertrophic cardiomyopythies

(such as familial hypertrophic cardiomyopathy) or Morbus Fabry disease.

Cardiac hypertrophy is defined as an increase in size of the heart without any increase in
myocyte number. This results in a thickening of the heart walls. Pathological cardiac
hypertrophy occurs in response to haemodynamic overload due to different forms of stress,
such as hypertension, valve disease, and myocardial infarction (MI). Prolonged hypertrophic
growth of the heart results in cardiac arrhythmias, heart failure and may lead to sudden death
(Frey and Olson (2003), Annu Rev Physiol; 65: 45-79). Thus, cardiac hypertrophy is in
accordance with the invention unhealthy cardiac hypertrophy (or pathological hypertrophy),
such as cardiac hypertrophy in response to stress or disease, e.g., hypertension, heart

muscle injury (myocardial infarction), heart failure or neurohormones.

Cardiac dysfunction is defined as an alteration in the relationship between preload (often
defined by left ventricular filling pressure) and stroke volume of the heart. Cardiac

dysfunction may lead to cardiac remodelling and vice versa.

In accordance with another preferred embodiment of the first aspect of the invention, the
compound inhibiting the expression and/or the activity of the IncRNA is a small molecule

inhibitor, a nucleotide-based inhibitor or an amino acid-based inhibitor.

A small molecule inhibitor is a low molecular weight organic compound which is by definition
not a polymer. The small molecule of the invention is a molecule that binds with high affinity
to GADLOR 1 and/or GADLOR 2 and in addition inhibits the activity of GADLOR 1 and/or
GADLOR 2. The upper molecular weight limit for a small molecule is preferably 1500Da,
more preferably 1000Da and most preferably 800Da which allows for the possibility to rapidly
diffuse across cell membranes so that they can reach intracellular sites of action. Libraries of
small organic molecules are screened by high-throughput techniques with a specific target
molecule, in the present case the INcRNA GADLOR 1 and/or GADLOR 2, and preferably a
polynucleotide selected from the group consisting of SEQ ID NOs 1 to 6.

A nucleotide-based inhibitor comprises or consists of a nucleic acid molecule. The nucleic
acid is preferably complementary to a nucleic acid sequence of at least 12 contiguous
nucleotides of one or more sequences of SEQ ID NOs 1 to 6 or a sequence being at least
75% identical to one or more sequences of SEQ ID NOs 1 to 6. The nucleotide-based
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inhibitor may comprise or consist of RNA, DNA or both. The nucleotide-based inhibitor of the
invention is a molecule that binds specifically to GADLOR 1 or GADLOR 2 and in addition
inhibits the activity of GADLOR 1 or GADLOR 2. As used herein specific binding means that
the inhibitor specifically targets the IncRNA GADLOR 1 or GADLOR 2 and does substantially

not exert any off target inhibitory effects, in particular on other cellular nucleic acid molecules.

An amino acid-based inhibitor comprises or consists of a (poly)peptide/protein having
preferably an amino acid sequence of at least 25, more preferably at least 50 amino acids.
The amino acid-based inhibitor of the invention is a molecule that binds specifically to
GADLOR 1 or GADLOR 2 and in addition inhibits the activity of GADLOR 1 or GADLOR 2.
The amino acid-based inhibitor preferably comprises natural amino acids but may also
comprise unnatural amino acids. The amino acid-based inhibitor is preferably selected or
designed such that it specifically binds to a nucleic acid sequence selected from one or more
of SEQ ID NOs 1 to 3 (GADLOR 1) or a sequence being at least 75% identical to one or
more of SEQ ID NOs 1 to 3, or from one or more of SEQ ID NOs 4 to 6 (GADLOR 2) or a
sequence being at least 75% identical to one or more of SEQ ID NOs 4 to 6.

In accordance with a more preferred embodiment of the first aspect of the present invention,
the nucleotide-based inhibitor or amino acid-based inhibitor is an aptamer, a ribozyme, a
siRNA, a shRNA or an antisense oligonucleotide and the amino acid-based inhibitor is an

antibody or a protein drug.

The aptamer, ribozyme, antibody, protein drug, siRNA, a shRNA or an antisense
oligonucleotide of this embodiment specifically bind to GADLOR 1 or GADLOR 2, thereby
inhibiting the activity of GADLOR 1 or GADLOR 2.

The term “aptamer” in accordance with the present invention refers to DNA or RNA
molecules being either in the natural D-conformation or in the L-conformation (“spiegelmer”)
that have been selected from random pools based on their ability to bind other molecules.
Aptamers have been selected which bind nucleic acid, proteins, small organic compounds,
and even entire organisms. A database of aptamers is maintained at
http://aptamer.icmb.utexas.edu/. More specifically, aptamers can be classified as DNA or
RNA aptamers or peptide aptamers. Whereas the former consist of (usually short) strands of
oligonucleotides, the latter consist of a short variable peptide domain, attached at both ends
to a protein scaffold. Nucleic acid aptamers are nucleic acid species that have been
engineered through repeated rounds of in vitro selection or equivalently, SELEX (systematic

evolution of ligands by exponential enrichment) to bind to various molecular targets such as
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small molecules, proteins, nucleic acids, and even cells, tissues and organisms. The
molecular target envisaged by the present invention is a nucleic acid, namely the IncRNA
GADLOR 1 or GADLOR 2. Hence, aptamers can be produced against the target molecule of
the invention. Aptamers offer the utility for biotechnological and therapeutic applications as
they offer molecular recognition properties that rival those of the commonly used
biomolecules, in particular antibodies. In addition to their discriminate recognition, aptamers
offer advantages over antibodies as they can be engineered completely in a test tube, are
readily produced by chemical synthesis, possess desirable storage properties, and elicit little
or no immunogenicity in therapeutic applications. Non-modified aptamers are cleared rapidly
from the bloodstream, with a half-life of minutes to hours, mainly due to nuclease
degradation and clearance from the body by the kidneys, a result of the aptamer's inherently
low molecular weight. The rapid clearance of aptamers can be an advantage in applications
such as in vivo diagnostic imaging. Several modifications, such as 2'-fluorine-substituted
pyrimidines, polyethylene glycol (PEG) linkage, etc. are available to scientists with which the

half-life of aptamers easily can be increased to the day or even week time scale.

The term “ribozymes” refers to RNA molecules that act as enzymes in the absence of
proteins. These RNA molecules act catalytic or autocatalytic and are capable of cleaving e.g.
other RNAs at specific target sites but they have also been found to catalyze the
aminotransferase activity of the ribosome. Selection of appropriate target sites and
corresponding ribozymes can be done as described for example in Zaher and Unrau (2007),
RNA, 13 (7). 1017-1026. Examples of well-characterized small self-cleaving RNAs are the
hammerhead, hairpin, hepatitis delta virus, and in vitro-selected lead-dependent ribozymes.
The organization of these small catalysts is in contrast to that of larger ribozymes, such as
the group | intron. The principle of catalytic self-cleavage has become well established in the
last 10 years. The hammerhead ribozymes are characterized best among the RNA
molecules with ribozyme activity. Since it was shown that hammerhead structures can be
integrated into heterologous RNA sequences and that ribozyme activity can thereby be
transferred to these molecules, it appears that catalytic sequences for almost any target
sequence can be created, provided the target sequence contains a potential matching
cleavage site. The basic principle of constructing hammerhead ribozymes is as follows: An
interesting region of the RNA, which contains the GUC (or CUC) triplet, is selected. Two
oligonucleotide strands, each with 6 to 8 nucleotides, are taken and the catalytic
hammerhead sequence is inserted between them. Molecules of this type were synthesized
for numerous target sequences. They showed catalytic activity in vitro and in some cases
also in vivo. The best results are usually obtained with short ribozymes and target

sequences. Since the target sequence is in accordance with the present invention a RNA
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sequence, GADLOR 1 and GADLOR 2 are a bona fide target for the generation of ribozymes
being capable to specifically cleave GADLOR 1 or GADLOR 2.

The aptamers and ribozymes may comprise modified nucleotides, such as locked nucleic
acids (LNAs).

The term “antibody” as used in accordance with the present invention comprises, for
example, polyclonal or monoclonal antibodies. Furthermore, also derivatives or fragments
thereof, which still retain the binding specificity, are comprised in the term "antibody".
Antibody fragments or derivatives comprise, inter alia, Fab or Fab’ fragments, Fd, F(ab"),, Fv
or scFv fragments, single domain Vg or V-like domains, such as VhH or V-NAR-domains, as
well as multimeric formats such as minibodies, diabodies, tribodies, tetrabodies or chemically
conjugated Fab’-multimers (see, for example, Altshuler et al., Biochemistry (Mosc). 2010
Dec; 75(13):1584-605, Holliger and Hudson, Nat Biotechnol., 2005; 23(9):1126-36). The term
"antibody" also includes embodiments such as chimeric (human constant domain, non-
human variable domain), single chain and humanized (human antibody with the exception of
non-human CDRs) antibodies. Various techniques for the production of antibodies and
fragments thereof are well known in the art and described, e.g. in Altshuler et al,
Biochemistry (Mosc). 2010 Dec; 75(13):1584-605. Thus, polyclonal antibodies can be
obtained from the blood of an animal following immunisation with an antigen in mixture with
additives and adjuvans and monoclonal antibodies can be produced by any technigue which
provides antibodies produced by continuous cell line cultures. Examples for such techniques
are described, e.g. Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, 1988 and Harlow and Lane, Using Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, 1999 and include the hybridoma technique originally
described by Kohler and Milstein, Nature 256 (1975), 495-497, the trioma technique, the
human B-cell hybridoma technique (see e.g. Kozbor, Immunology Today 4 (1983), 72;
Milstein, C (1999), BioEssays 21 (11): 966-73.) and the EBV-hybridoma technique to
produce human monoclonal antibodies (Cole et al., Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, Inc. (1985), 77-96). Furthermore, recombinant antibodies may be
obtained from monoclonal antibodies or can be prepared de novo using various display
methods such as phage, ribosomal, mRNA, or cell display. A suitable system for the
expression of the recombinant (humanized) antibodies or fragments thereof may be selected
from, for example, bacteria, yeast, insects, mammalian cell lines or transgenic animals or
plants (see, e.g., US patent 6,080,560; Holliger and Hudson, Nat Biotechnol., 2005;
23(9):1126-36). Further, techniques described for the production of single chain antibodies
(see, inter alia, US Patent 4,946,778) can be adapted to produce single chain antibodies
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specific for the target of this invention. Surface plasmon resonance as employed in the

BlAcore system can be used to increase the efficiency of phage antibodies.

The term “protein drug” designates designer drugs that are derivatives of human proteins.
These proteins are used as scaffold to create a protein drug by well-established screening
procedures (see Tomlinson et al (2004), Nature Biotechnology, 22(5): 521-522). Non-limiting
examples of human proteins which serve as a scaffold for designing protein drugs are
transferrin, C-type lectins, trinectins, domain antibodies, kunitz domains, lipocalins and the
Fyn SH3 domain.

The antisense technology for the downregulation of RNA is well-established and widely used
in the art to treat various diseases. The basic idea of the antisense technology is the use of
oligonucleotides for silencing a selected target RNA through the exquisite specificity of
complementary-based pairing (Re, Ochsner J. 2000 Oct; 2(4). 233-236). Herein below
details on the antisense construct compound classes of siRNAs, shRNAs and antisense
oligonucleotides will be provided. As will be further detailed herein below, antisense
oligonucleotides are single stranded antisense constructs while siRNAs and shRNAs are
double stranded antisense constructs with one strand comprising an antisense
oligonucleotide sequence being (i.e. the so-called antisense strand). All these compound

classes may be used to achieve downregulation or inhibition of a target RNA.

In accordance with the present invention the target of antisense constructs in general as well
as all the specific classes of antisense constructs being described herein is the IncRNA
GADLOR 1 or GADLOR 2. Accordingly, the target is preferably a nucleic acid sequence
selected from one or more sequences of SEQ ID NOs 1 to 6 or a sequence being at least
75% identical to one or more sequences of SEQ ID NOs 1 to 6.

Also with respect to any amino acid-based inhibitor, nucleotide-based inhibitor or antisense
construct being described herein the sequence identity of at least 75% to one or more
sequences of SEQ ID NOs 1 to 6 is with increasing preference at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% and at least
99.5%. The sequence identity can be selected separately for each of the GADLOR 1
sequences of SEQ ID NOs 1 to 3 as well as for each of the GADLOR 2 sequences of SEQ
ID NOs 4 to 6. Preferred examples of nucleic acid sequences being at least 75% identical to
one or more sequences of SEQ ID NOs 1 to 6 are nucleic acid sequences differing with

increasing preference by no more than 10, such as 5, 4, 3, 2 or 1 nucleotide(s) from any one
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of SEQ ID NOs 1 to 6. The nucleotide differences may be the addition, deletion and/or

substitution of nucleotide(s).

The term "siRNA" in accordance with the present invention refers to small interfering RNA,
also known as short interfering RNA or silencing RNA. siRNAs are a class of 12 to 30,
preferably 18 to 30, more preferably 20 to 25, and most preferred 21 to 23 or 21 nucleotide-
long double-stranded RNA molecules that play a variety of roles in biology. Most notably,
siRNA is involved in the RNA interference (RNAI) pathway where the siRNA interferes with
the expression of a specific gene. In addition to their role in the RNAIi pathway, siRNAs also
act in RNAi-related pathways, e.g. as an antiviral mechanism or in shaping the chromatin
structure of a genome. siRNAs have a well defined structure: a short double-strand of RNA
(dsRNA), advantageously with at least one RNA strand having an overhang. Each strand
typically has a 5' phosphate group and a 3' hydroxyl (-OH) group. This structure is the result
of processing by dicer, an enzyme that converts either long dsRNAs or small hairpin RNAs
into siRNAs. siRNAs can also be exogenously (artificially) introduced into cells to bring about
the specific knockdown of a gene of interest. Thus, any gene of which the sequence is
known can in principle be targeted based on sequence complementarity with an
appropriately tailored siRNA. The double-stranded RNA molecule or a metabolic processing
product thereof is capable of mediating target-specific nucleic acid modifications, particularly
RNA interference and/or DNA methylation. Also preferably at least one RNA strand has a 5'-
and/or 3'-overhang. Preferably, one or both ends of the double-strand have a 3'-overhang
from 1-5 nucleotides, more preferably from 1-3 nucleotides and most preferably 2
nucleotides. In general, any RNA molecule suitable to act as siRNA is envisioned in the
present invention. The most efficient silencing was so far obtained with siRNA duplexes
composed of 21-nt sense and 21-nt antisense strands, paired in a manner to have 2-nt 3'-
overhangs. The sequence of the 2-nt 3' overhang makes a small contribution to the
specificity of target recognition restricted to the unpaired nucleotide adjacent to the first base
pair (Elbashir et al. Nature. 2001 May 24; 411(6836):494-8). 2'-deoxynucleotides in the 3'
overhangs are as efficient as ribonucleotides, but are often cheaper to synthesize and
probably more nuclease resistant. The siRNA according to the invention comprises an
antisense strand which comprises or consists of a sequence which is with increasing
preference complementary to at least 13 nucleotides, at least 14 nucleotides, at least 15
nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least
19 nucleotides, at least 20 nucleotides, or at least 21 nucleotides of one or more selected
from SEQ ID NOs 1 to 6 or a sequence being at least 75% identical to one or more
sequences of SEQ ID NOs 1 to 6. These at least 13 nucleotides, at least 14 nucleotides, at

least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18 nucleotides,
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at least 19 nucleotides, at least 20 nucleotides, or at least 21 nucleotides are preferably a
contiguous part of one or more selected from SEQ ID NOs 1 to 6 or a sequence being at
least 75% identical to one or more sequences of SEQ ID NOs 1 to 6, i.e. the nucleotides are

consecutive in the respective SEQ ID NO.

A preferred example of a siRNA is an Endoribonuclease-prepared siRNA (esiRNA). An
esiRNA is a mixture of siRNA oligos resulting from cleavage of a long double-stranded RNA
(dsRNA) with an endoribonuclease such as Escherichia coli RNase Il or dicer. esiRNAs are
an alternative concept to the usage of chemically synthesized siRNA for RNA Interference
(RNAI). For the generation of esiRNAs a cDNA of an IncRNA template may be amplified by
PCR and tagged with two bacteriophage-promotor sequences. RNA polymerase is then used
to generate long double stranded RNA that is complentary to the target-gene cDNA. This
complentary RNA may be subsequently digested with RNase |ll from Escherichia coli to
generate short overlapping fragments of siRNAs with a length between 18-25 base pairs.
This complex mixture of short double stranded RNAs is similar to the mixture generated by
dicer cleavage in vivo and is therefore called endoribonuclease-prepared siRNA or short
esiRNA. Hence, esiRNA are a heterogeneous mixture of siRNAs that all target the same

MRNA sequence. esiRNAs lead to highly specific and effective gene silencing.

A "shRNA" in accordance with the present invention is a short hairpin RNA, which is a
sequence of RNA that makes a (tight) hairpin turn that can also be used to silence gene
expression via RNA interference. shRNA preferably ulilizes the U6 promoter for its
expression. The shRNA hairpin structure is cleaved by the cellular machinery into siRNA,
which is then bound to the RNA-induced silencing complex (RISC). This complex binds to
and cleaves mRNAs which match the shRNA that is bound to it. The shRNA according to the
invention comprises an antisense strand which comprises or consists of a sequence which is
with increasing preference complementary to at least 13 nucleotides, at least 14 nucleotides,
at least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18
nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 21 nucleotides of one or
more selected from SEQ ID NOs 1 to 6 or a sequence being at least 75% identical to one or
more sequences of SEQ ID NOs 1 to 6. These at least 13 nucleotides, at least 14
nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least
18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, or at least 21 nucleotides are
preferably a contiguous part of one or more selected from SEQ ID NOs 1 to 6 or a sequence
being at least 75% identical to one or more sequences of SEQ ID NOs 1 to 6, i.e. the

nucleotides are consecutive in the respective SEQ ID NO.
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The term "antisense oligonucleotide" in accordance with the present invention refers to a
single-stranded nucleotide sequence being complementary by virtue of Watson-Crick base
pair hybridization to the IncRNA GADLOR 1 or GADLOR 2 whereby the activity of GADLOR
1 or GADLOR 2 is blocked. The antisense oligonucleotides may be unmodified or chemically
modified. In general, they are relatively short (preferably between 13 and 25 nucleotides).
Moreover, they are specific for GADLOR 1 or GADLOR 2, i.e. they hybridize to a unique
sequence in the total pool! of targets present in the target cells/organism. The antisense
oligonucleotide according to the invention comprises or consists a sequence which is with
increasing preference complementary to at least 13 nucleotides, at least 14 nucleotides, at
least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18 nucleotides,
at least 19 nucleotides, at least 20 nucleotides, at least 21 nucleotides, at least 22
nucleotides, at least 23 nucleotides, at least 24 nucleotides, or at least 25 nucleotides of one
or more selected from SEQ ID NOs 1 to 6 or a sequence being at least 75% identical to one
or more sequences of SEQ ID NOs 1 to 6. These at least 13 nucleotides, at least 14
nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least
18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 21 nucleotides, at
least 22 nucleotides, at least 23 nucleotides, at least 24 nucleotides, or at least 25
nucleotides are preferably a contiguous part of one or more selected from SEQ ID NOs 1 to
6 or a sequence being at least 75% identical to one or more sequences of SEQ ID NOs 1 to

6, i.e. the nucleotides are consecutive in the respective SEQ ID NO.

The antisense oligonucleotide is preferably a LNA-GapmeR, an Antagomir, or an antimiR.

LNA-GapmeRs or simply GapmeRs are potent antisense oligonucleotides used for highly
efficient inhibition of MRNA and IncRNA function. GapmeRs function by RNase H dependent
degradation of complementary RNA targets. They are an excellent alternative to siRNA for
knockdown of mRNA and IncRNA. They are advantageously taken up by cell without
transfection reagents. GapmeRs contain a central stretch of DNA monomers flanked by
blocks of LNAs. The GapmeRs are preferably 14-16 nucleotides in length and are optionally
fully phosphorothioated. The DNA gap activates the RNAse H-mediated degradation of
targeted RNAs and is also suitable to target transcripts directly in the nucleus. The LNA-
GapmeR according to the invention comprises a sequence which is with increasing
preference complementary to at least 13 nucleotides, at least 14 nucleotides, or at least 15
nucleotides of one or more selected from SEQ ID NOs 1 to 6 or a sequence being at least
75% identical to one or more sequences of SEQ ID NOs 1 to 6. These at least 13
nucleotides, at least 14 nucleotides, or at least 15 nucleotides are preferably a contiguous

part of one or more selected from SEQ ID NOs 1 to 6 or a sequence being at least 75%
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identical to one or more sequences of SEQ ID NOs 1 to 6, i.e. the nucleotides are
consecutive in the respective SEQ ID NO. The LNA-GapmeR against GADLOR 1 according
to the invention preferably comprises a sequence which is complementary to SEQ ID NO: 7
(GGAUACUAGGCUUAGGACAUA) or SEQ ID NO: 8 (UCUCAAUCAUCUUGCA). SEQ ID
NO: 7 can be found in the human GADLOR 1 of SEQ ID NO: 1 and SEQ ID NO: 8 in the
mouse GADLOR 1 of SEQ ID NO: 2. The LNA-GapmeR against GADLOR 2 according to the
invention preferably comprises a sequence which is complementary to SEQ ID NO: 9
(AGCCUCUAUCCUUACU) or SEQ ID NO: 10 (AACCUCUAUCCUUGA). SEQ ID NO: 9 can
be found in the human GADLOR 2 of SEQ ID NO: 4 and SEQ ID NO: 10 in the mouse
GADLOR 2 of SEQ ID NO: 5. The LNA-GapmeR technology is well established. LNA-
GapmeRs are routinely designed using established algorithms. LNA-GapmeRs to a selected
target are commercially available including positive and negative controls, for example, from

Exigon.

As mentioned, AntimiRs are oligonucleotide inhibitors that were initially designed to be
complementary to a miRNA. AntimiRs against miRNAs have been used extensively as tools
to gain understanding of specific miRNA functions and as potential therapeutics. As used
herein, the AntimiRs are designed to be complementary to the IncRNA GADLOR 1 or
GADLOR 2. AntimiRs are preferably 14 to 23 nucleotides in length. An AntimiR according to
the invention more preferably comprises or consists a sequence which is with increasing
preference complementary to at least 15 nucleotides, at least 16 nucleotides, at least 17
nucleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least
21 nucleotides, at least 22 nucleotides, or at least 23 nucleotides of one or more selected
from SEQ ID NOs 1 to 6 or a sequence being at least 75% identical to one or more
sequences of SEQ ID NOs 1 to 6. These at least 15 nucleotides, at least 16 nuclectides, at
least 17 nucleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20 nucleotides,
at least 21 nucleotides, at least 22 nucleotides, or at least 23 nucleotides are preferably a
contiguous part of one or more selected from SEQ ID NOs 1 to 6 or a sequence being at
least 75% identical to one or more sequences of SEQ ID NOs 1 to 6, i.e. the nucleotides are

consecutive in the respective SEQ ID NO.

AntimiRs are preferably AntagomiRs. AntagomiRs are synthetic 2-O-methyl RNA
oligonucleotides, preferably of 21 to 23 nucleotides which are preferably fully complementary
to the selected target RNA. While AntagomiRs were initially designed against miRNAs they
may also be designed against IncRNAs. The AntagomiRs according to the invention
therefore preferably comprises a sequence being complementary to 21 to 23 nucleotides of

one or more selected from SEQ ID NOs 1 to 6 or a sequence being at least 75% identical to
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one or more sequences of SEQ ID NOs 1 to 6. These 21 to 23 nucleotides are preferably
complementary to a contiguous part of one or more selected from SEQ ID NOs 1 to 6 or a
sequence being at least 75% identical to one or more sequences of SEQ ID NOs 1 to 6, i.e.
the nucleotides are consecutive in the respective SEQ ID NO. AntagomiRs are preferably
synthesized with 2'-OMe modified bases (2'-hydroxyl of the ribose is replaced with a methoxy
group), phosphorothioate (phosphodiester linkages are changed to phosphorothioates) on
the first two and last four bases, and an addition of cholesterol motif at 3' end through a
hydroxyprolinol modified linkage. The addition of 2'-OMe and phosphorothioate modifications
improve the bio-stability whereas cholesterol conjugation enhances distribution and cell

permeation of the AntagomiRs.

Single-stranded antisense molecules (including antisense oligonucleotides, such as LNA-
GapmeR, an Antagomir, an antimiR), siRNAs and shRNAs of the present invention are (also)
preferably chemically synthesized using a conventional nucleic acid synthesizer. Suppliers of
nucleic acid sequence synthesis reagents include Proligo (Hamburg, Germany), Dharmacon
Research (Lafayette, CO, USA), Pierce Chemical (part of Perbio Science, Rockford, IL,
USA), Glen Research (Sterling, VA, USA), ChemGenes (Ashland, MA, USA), and Cruachem
(Glasgow, UK).

The ability of antisense molecules (including antisense oligonucleotides, such as LNA-
GapmeR, an Antagomir, an antimiR), siRNA, and shRNA to potently, but reversibly, silence
or inhibit a IncRNA in vivo makes these molecules particularly well suited for use in the
pharmaceutical composition of the invention. Ways of administering siRNA to humans are
described in De Fougerolles et al.,, Current Opinion in Pharmacology, 2008, 8:280-285.
Accordingly, such pharmaceutical compositions may be administered directly formulated as a
saline, via liposome based and polymer-based nanoparticle approaches, as conjugated or
complexation pharmaceutical compositions, or via viral delivery systems. Direct
administration comprises injection into tissue, intranasal and intratracheal administration.
Liposome based and polymer-based nanoparticle approaches comprise the cationic lipid
Genzyme Lipid (GL) 67, cationic liposomes, chitosan nanoparticles and cationic cell
penetrating peptides (CPPs). Conjugated or complexation pharmaceutical compositions
comprise PEl-complexed antisense molecules (including antisense oligonucleotides), siRNA,

or shRNA. Further, viral delivery systems comprise influenza virus envelopes and virosomes.

The antisense molecules (including antisense oligonucleotides, such as LNA-GapmeR, an
Antagomir, an antimiR), siRNAs, shRNAs may comprise modified nucleotides such as locked
nucleic acids (LNAs). The ribose moiety of an LNA nucleotide is modified with an extra
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bridge connecting the 2' oxygen and 4' carbon. The bridge "locks" the ribose in the 3'-endo
(North) conformation, which is often found in the A-form duplexes. LNA nucleotides can be
mixed with DNA or RNA residues in the oligonucleotide whenever desired. Such oligomers
are synthesized chemically and are commercially available. The locked ribose conformation
enhances base stacking and backbone pre-organization. This significantly increases the

hybridization properties (melting temperature) of oligonucleotides.

In accordance with an even more preferred embodiment of the first aspect of the present
invention, the nucleotide-based inhibitor comprises (a) a nucleic acid sequence which
comprises or consists of a nucleic acid sequence being complementary to at least 12
continuous nucleotides of a nucleic acid sequence selected from SEQ ID NOs 1 to 6 or a
sequence being at least 75% identical thereto, (b) a nucleic acid sequence which comprises
or consists of a nucleic acid sequence which is at least 70% identical to the complementary
strand of one or more nucleic acid sequences selected from SEQ ID NOs 1 to 6, (c) a nucleic
acid sequence which comprises or consists of a nucleic acid sequence according to (a) or
(b), wherein the nucleic acid sequence is DNA or RNA, (d) an expression vector expressing
the nucleic acid sequence as defined in any one of (a) to (c), preferably under the control of a
myocardium-specific promoter and/or cardiac endothelial cell-specific promoter, or (e) a host

comprising the expression vector of (d).

The nucleic acid sequences as defined in items (a) to (c) of this preferred embodiment
comprise or consist of sequences being complementary to nucleotides of GADLOR 1 or
GADLOR 2 as defined by one or more of sequences SEQ ID NOs 1 to 6 or a sequence being
at least 70%/75% identical to one or more sequences of SEQ ID NOs 1 to 6. Hence, the
nucleic acid sequences as defined in items (a) to (c) comprise or are antisense nucleic acid

sequences.

The nucleic acid sequence according to item (a) of this further preferred embodiment of the
invention comprises or consists of a sequence which is with increasing preference
complementary to at least 13 nucleotides, at least 14 nuclectides, at least 15 nucleotides, at
least 16 nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least 19 nucleotides,
at least 20 nucleotides, at least 21 nucleotides of one or more selected from SEQ 1D NOs 1
to 6 or a sequence being at least 75% identical to one or more sequences of SEQ ID NOs 1
to 6. These at least 13 nucleotides, at least 14 nucleotides, at least 15 nucleotides, at least
16 nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least 19 nucleotides, at
least 20 nucleotides, or at least 21 nucleotides are preferably a contiguous part of one or

more selected from SEQ ID NOs 1 to 6 or a sequence being at least 75% identical to one or
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more sequences of SEQ ID NOs 1 to 6, i.e. the nucleotides are consecutive in the respective
SEQ ID NO. The format of the nucleic acid sequence according to item (a) is not particularly
limited as long as it comprises or consists of at least 12 continuous nucleotides being
complementary to a nucleic acid sequence selected from SEQ ID NOs 1 to 6 or a sequence
being at least 75% identical to one or more sequences of SEQ ID NOs 1 to 6. The nucleic
acid sequence according to item (a) comprises or consists of an antisense oligonucleotide.
Hence, the nucleic acid sequence according to item (a) reflects the above-mentioned basic
principle of the antisense technology which is the use of an oligonucleotide for silencing a
selected target RNA through the exquisite specificity of complementary-based pairing.
Therefore, it is to be understood that the nucleic acid sequence according to item (a) is
preferably in the format of an siRNA, shRNA or an antisense oligonucleotide as defined
herein above. The antisense oligonucleotides are preferably LNA-GapmeRs, AntagomiRs, or
antimiRs as defined herein above.

The nucleic acid sequence according to item (b) requiring at least 70% identity to the
complementary strand of one or more nucleic acid sequences selected from SEQ ID NOs 1
to 6 is considerably longer than the nucleic acid sequence according to item (a) which
comprises an antisense oligonucieotide and comprises at least 12 continuous nucleotides of
a nucleic acid sequence selected from SEQ ID NOs 1 to 6. Among SEQ ID NOs 1 to 6 SEQ
ID NO: 4 is the shortest sequence and SEQ ID NO: 4 comprises 615 nucleotides. A
sequence of at least 70% identity to the complementary strand of SEQ ID NO: 4 accordingly
has to comprise at least 413 nucleotides. A nucleic acid sequence according to item (b) of
the above preferred embodiment of the invention is capable of interacting with, more
specifically hybridizing with the target IncRNA GADLOR 1 or GADLOR 2. By formation of the
hybrid the function of the IncRNA GADLOR 1 or GADLOR 2 is reduced or blocked.

The sequence identity of the molecule according to item (b) in connection with a sequence
selected from SEQ ID NOs 1 to 6 is with increasing preference at least 75%, at least 80%, at
least 85%, at least 90%, at least 92.5%, at least 95%, at least 98%, at least 99% and 100%.
The sequence identity in connection with each of SEQ ID NOs 1 to 6 can be individually
selected. For instance, a non-limiting example is at least 90% in connection with SEQ ID NO:
1 and at least 95% in connection with SEQ ID NO: 2. Means and methods for determining
sequence identity are known in the art. Preferably, the BLAST (Basic Local Alignment
Search Tool) program is used for determining the sequence identity with regard to one or
more sequences of SEQ ID NOs 1 to 6. Most preferred examples of nucleic acid sequences
which comprise a nucleotide sequence which is at least 70% identical to the complementary

strand of one or more sequences of SEQ ID NOs 1 to 6 are the complementary strands of
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SEQ ID NOs 110 6.

In the nucleic acid sequence according to item (c) the nucleotide sequences may be RNA or
DNA. RNA or DNA encompasses chemically modified RNA nucleotides or DNA nucleotides.
As commonly known RNA comprises the nucleotide U while DNA comprises the nucleotide
T.

In accordance with items (d) and (e) of the above preferred embodiment the inhibitor may
also be an expression vector or host, respectively being capable of producing an nucleic acid

sequence as defined in any one of items (a) to (c).

An expression vector may be a plasmid that is used to introduce a specific transcript into a
target cell. Once the expression vector is inside the cell, the protein that is encoded by the
gene is produced by the -cellular-transcription and translation machinery ribosomal
complexes. The plasmid is in general engineered to contain regulatory sequences that act as
enhancer and/or promoter regions and lead to efficient transcription of the transcript. In
particular for in vivo applications the expression vector preferably contains a myocardium-
specific promoter and/or cardiac endothelial cell-specific promoter. Myocardium-specific
promoters are known in the art, for example, from US 2004/0175699. Using a myocardium-
specific promoter ensures that the nucleic acid sequence is only expressed in the heart
muscle and may avoid potential unwanted side effects by expression in other organs.
Promoters for cardiac endothelial cell-specific expression are as well known in the art, e.g.,
from Doetschman and Azhar (2012), Circ Res; 110(11),
doi:10.1161/CIRCRESAHA.112.265066. Using a cardiac endothelial cell-specific promoter
ensures that the nucleic acid sequence is only expressed in cardiac endothelial cells and

may avoid potential unwanted side effects by expression in other cell-types of the heart.

Non-limiting examples of expression vectors include prokaryotic plasmid vectors, such as the
pUC-series, pBluescript (Stratagene), the pET-series of expression vectors (Novagen) or
pCRTOPO (Invitrogen) and vectors compatible with an expression in mammalian cells like
pREP (Invitrogen), pcDNA3 (Invitrogen), pCEP4 (Invitrogen), pMC1neo (Stratagene), pXT1
(Stratagene), pSG5 (Stratagene), EBO-pSV2neo, pBPV-1, pdBPVMMTneo, pRSVgpt,
pRSVneo, pSV2-dhfr, plZD35, pLXIN, pSIR (Clontech), pIRES-EGFP (Clontech), pEAK-10
(Edge Biosystems) pTriEx-Hygro (Novagen) and pCiNeo (Promega). Examples for plasmid
vectors suitable for Pichia pastoris comprise e.g. the plasmids pAO815, pPIC9K and
pPIC3.5K (all Intvitrogen). For the formulation of a pharmaceutical composition a suitable

vector is selected in accordance with good manufacturing practice. Such vectors are known
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in the art, for example, from Ausubel et al, Hum Gene Ther. 2011 Apr; 22(4):489-97 or Allay
et al., Hum Gene Ther. May 2011; 22(5): 595-604.

A typical mammalian expression vector that may be used ffor in vifro or in vivo applications
contains the promoter element, which mediates the initiation of transcription of mRNA, the
protein coding sequence, and signals required for the termination of transcription and
polyadenylation of the transcript. Moreover, elements such as origin of replication, drug
resistance gene, regulators (as part of an inducible promoter) may also be included. The /ac
promoter is a typical inducible promoter, useful for prokaryotic cells, which can be induced
using the lactose analogue isopropyilthiol-b-D-galactoside ("IPTG"). For recombinant
expression and secretion, the polynucleotide of interest may be ligated between e.g. the
PelB leader signal, which directs the recombinant protein in the periplasm and the gene il in
a phagemid called pHEN4 (described in Ghahroudi et al, 1997, FEBS Letters 414:521-526).
Additional elements might include enhancers, Kozak sequences and intervening sequences
flanked by donor and acceptor sites for RNA splicing. Highly efficient transcription can be
achieved with the early and late promoters from SV40, the long terminal repeats (LTRs) from
retroviruses, e.g., RSV, HTLVI, HIVI, and the early promoter of the cytomegalovirus (CMV).
However, cellular elements can also be used (e.g., the human actin promoter). Suitable
expression vectors for use in practicing the present invention include, for example, vectors
such as pSVL and pMSG (Pharmacia, Uppsala, Sweden), pRSVcat (ATCC 37152),
pSV2dhfr (ATCC 37146) and pBC12MI (ATCC 67109). Alternatively, the recombinant
(poly)peptide can be expressed in stable cell lines that contain the gene construct integrated
into a chromosome. The co-transfection with a selectable marker such as dhfr, gpt,
neomycin, hygromycin allows the identification and isolation of the transfected cells. The
transfected nucleic acid can also be amplified to express large amounts of the encoded
(poly)peptide. The DHFR (dihydrofolate reductase) marker is useful to develop cell lines that
carry several hundred or even several thousand copies of the gene of interest. Another
useful selection marker is the enzyme glutamine synthase (GS) (Murphy et al. 1991, Biochem
J. 227:277-279; Bebbington et al. 1992, Bio/Technology 10:169-175). Using these markers,
the mammalian cells are grown in selective medium and the cells with the highest resistance
are selected. As indicated above, the expression vectors will preferably include at least one
selectable marker. Such markers include dihydrofolate reductase, G418 or neomycin
resistance for eukaryotic cell culture and tetracycline, kanamycin or ampicillin resistance
genes for culturing in E. coli and other bacteria. For vector modification techniques, see
Sambrook and Russel (2001), Molecular Cloning: A Laboratory Manual, 3 Vol. Generally,
vectors can contain one or more origins of replication (ori) and inheritance systems for

cloning or expression, one or more markers for selection in the host, e.g., antibiotic
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resistance, and one or more expression cassettes. Suitable origins of replication (ori) include,

for example, the Col E1, the SV40 viral and the M 13 origins of replication.

The sequences to be inserted into the vector can e.g. be synthesized by standard methods,
or isolated from natural sources. Ligation of the coding sequences to transcriptional
regulatory elements and/or to other amino acid encoding sequences can be carried out using
established methods. Transcriptional regulatory elements (parts of an expression cassette)
ensuring expression in prokaryotes or eukaryotic cells are well known to those skilled in the
art. These elements comprise regulatory sequences ensuring the initiation of the
transcription (e.g., translation initiation codon, promoters, enhancers, and/or insulators),
internal ribosomal entry sites (IRES) (Owens, Proc. Natl. Acad. Sci. USA 98 (2001), 1471-
1476) and optionally poly-A signals ensuring termination of transcription and stabilization of
the transcript. Additional regulatory elements may include transcriptional as well as
translational enhancers, and/or naturally-associated or heterologous promoter regions.
Preferably, the nucleotide sequence as defined in item (a) of the above preferred
embodiment of the invention is operatively linked to such expression control sequences

allowing expression in prokaryotic or eukaryotic cells.

The host may be a prokaryotic or eukaryotic cell. A suitable eukaryotic host may be a
mammalian cell, an amphibian cell, a fish cell, an insect cell, a fungal cell or a plant cell.
Representative examples of bacterial cells are E. coli, Streptomyces and Salmonella
typhimurium cells; of fungal cells are yeast cells; and of insect cells are Drosophila S2 and
Spodoptera Sf9 cells. It is preferred that the cell is a mammalian cell such as a human cell.
Mammalian host cells that could be used include, human Hela, 293, H9 and Jurkat cells,
mouse NIH3T3 and C127 cells, Cos 1, Cos 7 and CV1, quail QC1-3 cells, mouse L cells and
Chinese hamster ovary (CHO) cells. The cell may be a part of a cell line, preferably a human
cell line. Appropriate culture mediums and conditions for the above-described host cells are
known in the art. The host is preferably a host cell and more preferably an isolated host cell.

The host is also preferably a non-human host.

In accordance with an even more preferred embodiment of the first aspect of the present
invention, a first and a second compound is used, wherein the first compound inhibits the
expression and/or the activity of the IncRNA GADLOR 1 and the second compound inhibits
the expression and/or the activity of the IncRNA GADLOR 2.

As is evident from the examples herein below, the IncRNAs GADLOR 1 and GADLOR 2 in

combination are more potent to induce cardiac remoldelling (i.e. in the examples heart
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failure) as compared to one of these IncRNAs alone. Thus, inhibiting both GADLOR 1 and
GADLOR 2 in the treatment or preventing cardiac remodelling is expected to lead to a

superior treatment success as compared to inhibiting only one of these IncRNAs.

In a second aspect the present invention relates to a method for diagnosing cardiac
remodelling in a patient, comprising (a) detecting the expression level of one or both
IncRNA(s) selected from GADLOR 1 and GADLOR 2 as defined in connection with the first
aspect of the invention in a sample obtained from said patient, and optionally (b) comparing
said expression obtained in (a) with the expression level of said INCRNA(s) in a sample
obtained from at least one healthy subject or with a predetermined standard that has been
obtained from a sample of at least one healthy subject, wherein a greater than 1.5-fold

upregulation of the is indicative for cardiac remodelling in the patient.

The above definitions and preferred embodiments as described herein above in connection
with the first aspect of the invention apply mutatis mutandis to the second aspect of the
invention as far as being applicable to the second aspect of the invention. For instance, also
in connection with the second aspect the cardiac remodelling is preferably Heart Failure with
preserved Ejection Fraction (HFpEF), Heart Failure with reduced Ejection Fraction (HFrEF),
myocardial infarction related cardiac remodelling, a genetic cardiac disease associated
cardiac remodelling, cardiac hypertrophy and/or cardiac dysfunction related cardiac
remodelling. Among this list of cardiac remodelling conditions Heart Failure with preserved
Ejection Fraction (HFpEF), Heart Failure with reduced Ejection Fraction (HFrEF) are more
preferred. The cardiac hypertrophy is preferably ventricular hypertrophy, preferably left
ventricular hypertrophy, and/or the cardiac dysfunction is preferably ventricular dysfunction,

preferably left ventricular dysfunction.

In connection with the second aspect of the invention the expression level of both IncRNAs
GADLOR 1 and GADLOR 2 is preferably detected. As is evident from the examples herein
below, the IncRNAs GADLOR 1 and GADLOR 2 in combination are more potent to induce
cardiac remoldelling (i.e. in the examples heart failure) as compared to one of these IncRNAs
alone. For this reason the detection of GADLOR 1 and GADLOR 2 is expected to lead to a
better diagnosis of cardiac remodelling as compared to the detection of GADLOR 1 or
GADLOR 2.

In this connection it is to be understood that the method according to the second aspect of
the invention may also encompass detecting and comparing the expression level of IncRNAs

being with increased preference at least 80%, at least 85%, at least 90%, at least 92%, at
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least 94%, at least 96%, at least 98%, at least 99%, and at least 99.5% identical to any one
of SEQ ID NOs 1 to 6. The method according to the second aspect of the invention may
furthermore encompass detecting and comparing the expression level of one or more
IncRNAs differing with increasing preference by no more than 10, such as 5, 4, 3, 2 or 1
nucleotide(s) from any one of SEQ ID NOs 1 to 6. The nucleotide differences may be the
addition, deletion and/or substitution of nucleotide(s). The sequences the expression of
which is compared, while being homologous, may also differ from each other with increasing

preference by no more than 10, such as 5, 4, 3, 2 or 1 nucleotide(s).

The term “sample” designates a tissue sample or a body fluid sample. The body fluid sample
is preferably selected from blood, serum, plasma, urine, salvia, amniotic fluid, cerebrospinal
fluid and lymph. The tissue sample is preferably an organ sample, preferably a heart sample.
As far as the method is applied to a body fluid sample it is to be understood that the
expression level of the INcRNA GADLOR 1 or GADLOR 2 corresponds to the concentration
of the IncRNA GADLOR 1 or GADLOR 2, because IncRNAs are not directly expressed in the
body fluid but secreted from the cells, said cells expressing the IncRNAs, into the body fluids.

The “patient” or “subject” referred to herein is preferably human.

The term “detecting the expression level of one or both IncRNA(s) selected from GADLOR 1
and GADLOR 2” means determining the amount or yield of GADLOR 1 or GADLOR 2, and
preferably of both GADLOR 1 or GADLOR 2. GADLOR 1 and GADLOR 2 are initially
expressed within a cell, in particular in endothelial cells of the heart. It was found in
accordance with the present invention that the IncRNAs GADLOR 1 and GADLOR 2 can be
detected in the sample of a patient, in particular a heart tissue sample as well as a blood
sample. GADLOR 1 or GADLOR 2 being “expressed in a sample” is therefore GADLOR 1 or
GADLOR 2 the expression level of which can be detected in the sample by means and
methods including those being further detailed herein below. GADLOR 1 or GADLOR 2 is
downregulated in a test sample if the amount or vield of the GADLOR 1 or GADLOR 2 is
significantly less as compared to the amount or yield of GADLOR 1 or GADLOR 2 in a

control sample.

In accordance with the above described diagnostic method the control sample is either a
sample obtained from at least one healthy subject or a predetermined standard that has
been obtained from a sample of at least one healthy subject. A healthy subject in particular a
healthy subject with no heart condition can be routinely identified by a physician. The at least

one healthy subject is with increasing preference at least two, at least three, at least five, and
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at least ten healthy subjects. By employing more than one healthy subject individual
GADLOR 1 and GADLOR 2 expression level differences may be balanced. With respect to
the use of a predetermined standard it is noted that within the context of the diagnostic
method of the invention is not or not always necessary to determine the GADLOR 1 and/or
GADLOR 2 expression level in a sample of at least one healthy subject. Once GADLOR 1
and/or GADLOR 2 expression levels obtained from a sample of at least one healthy subject
are available they may be used in the diagnostic method of the invention as a predetermined

standard.

The expression level in the samples can be quantified by any suitable means and methods
available from the art. in general relative and absolute quantification means and methods
can be used. In absolute quantification no known standards or controls are needed. The
expression level can be directly quantified. As well-known in the art, absolute quantification
may rely on a predetermined standard curve. In relative quantification the expression level is
quantified relative to a reference (such as known control expressions levels). Also in the
absence of controls, one can relatively quantify the expression level when comparing e.g.

fluorescence intensities.

Methods to assess RNA concentration may, for example, comprise measuring the
fluorescence intensity of dyes that bind to nucleic acids and selectively fluoresce when
bound. Such methods comprise a reverse transcription reaction and the production of cDNA,
wherein the amount of the cDNA is determined thereby indirectly determining the amount of
the RNA. The fluorescent-based method is particularly useful for cases where the RNA
concentration is too low to accurately assess some with spectrophotometry and/or in cases
where contaminants absorbing at 260nm make accurate quantification by spectrophotometry

difficult or impossible.

When comparing the expression level of a INCRNA between different samples reliability of the
comparison is preferably improved by including an invariant endogenous control (expression
of a reference gene) to correct for potential sample to sample variations. Such normalization
with respect to an invariant endogenous control is routinely performed in the art. For
example, means and methods for expression level normalization, e.g. in real-time RT-PCR
(see, for example, Bustin, Journal of Molecular Endocrinology, (2002) 29, 23-39) or micro-
array expression analysis (see, for example, Calza and Balwitan, Methods Mol Biol.
2010;673:37-52) are well-established. Also methods for normalization of the expression
levels of small RNA sequences are established (see, for example, Mestdagh et al. (2009)
Genome Biol.; 10(6):R64). In case RT-PCR or a micro-array is used to determine the



10

15

20

25

30

35

WO 2018/220038 20 PCT/EP2018/064226

expression levels in accordance with the present invention, the expression levels are
preferably normalized to a spiked-in RNA (see, for example, McCormick et al. (2011),
Silence, 2:2). Known amounts of a spiked-in RNA are mixed with the sample during
preparation. More preferably the RNA is externally spiked-in to the sample before the RNA
isolation process is carried out. The spiked-in RNA technology is well-known and commercial
kits are available from a number of manufacturers. The spiked-in RNA is preferably a spiked-
in C. elegans RNA.

In the examples herein below the primer pair of SEQ ID NOs 11 and 12 was employed for
detecting the expression level of human GADLOR 1, the primer pair of SEQ ID NOs 13 and
14 for human GADLOR 2, the primer pair of SEQ ID NOs 15 and 16 for mouse GADLOR 1
and the primer pair of SEQ ID NOs 17 and 18 for mouse GADLOR 2, wherein the uneven
number is the forward primer and the even number is the reverse primer. In addition, the
expression level of human GADLOR 1 can be detected by the primer pair of SEQ ID NOs 60
and 61, and the the expression level of human GADLOR 2 can be detected by the primer
pair of SEQ ID NOs 62 and 63. One or more of these primer pairs is preferably used in the
diagnostic method according to the second aspect of the invention. One or more of these
primer pairs is likewise preferably incorporated into the kit of the invention being described
herein below. As regards the detection of the expression levels of human GADLOR 1 and 2,
the primer pair of SEQ ID NOs 60 and 61 and SEQ ID NOs 62 and 63 is particularly

preferred, respectively.

The greater than 1.5-fold upregulation is with increasing preference greater than 2-fold
upregulation, 2.5-fold upregulation, 3-fold upregulation, and greater than 4-fold upregulation.
The higher thresholds for the downregulation may increase the reliability of the method of the

second aspect of the invention.

It is shown in the examples that in human heart tissue samples as well as in serum samples
from patients with heart failure on average GADLOR1 was 7-fold and GADLOR2 was 4-fold
upregulated. Based on this finding it can be expected that the upregulation of GADLOR1
and/or GADLOR2 in sample from a subject is indicative for a subject having cardiac

remodelling or being at risk of developing cardiac remodelling.

In accordance with a preferred embodiment of the second aspect of the present invention,

the sample is a heart tissue sample or a blood sample.
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The blood sample is more preferably a serum sample, because serum was used as blood

sample in the examples.

In accordance with a further preferred embodiment of the second aspect of the present
invention, the detection of the expression level of the INcCRNA comprises (a) quantitative
PCR, preferably quantitative real time PCR, or (b) a template/RNA amplification method
followed by determining the expression level of the IncRNA using a fluorescence- or

luminescence-based quantification method.

In quantitative PCR (gPCR), the amount of amplified product is linked to fluorescence
intensity using a fluorescent reporter molecule. The point at which the fluorescent signal is
measured in order to calculate the initial template quantity can either be at the end of the
reaction (endpoint semi-quantitative PCR) or while the amplification is still progressing (real-
time gPCR).

In endpoint semi-quantitative PCR, fluorescence data are collected after the amplification
reaction has been completed, usually after 30-40 cycles, and this final fluorescence is used

to back-calculate the amount of template present prior to PCR.

The more sensitive and reproducible method of real-time qPCR measures the fluorescence
at each cycle as the amplification progresses. This allows quantification of the template to be
based on the fluorescence signal during the exponential phase of amplification, before
limiting reagents, accumulation of inhibitors, or inactivation of the polymerase have started to
have an effect on the efficiency of amplification. Fluorescence readings at these earlier
cycles of the reaction will measure the amplified template quantity where the reaction is

much more reproducible from sample to sample than at the endpoint.

A non-limiting example of a template/RNA amplification method followed by determining the
expression level of the IncRNA(s) GADLOR 1 and/or 2 using a fluorescence- or
luminescence-based quantification method is a method combining transcription mediated
amplification (TMA) and a hybridization protection assay (HPA). In more detail, such a
method may comprise hybridizing one or more oligonucleotides ("capture oligonucleotides")
that are complementary to GADLOR 1 and/or 2. The hybridized target sequences are then
captured onto magnetic microparticles that are separated from the sample in a magnetic
field. Wash steps may be utilized to remove extraneous components. Target amplification
typically occurs via TMA, which is a transcription-based nucleic acid amplification method

that utilizes two enzymes, Moloney murine leukemia virus (MMLV) reverse transcriptase and
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T7 RNA polymerase. A unique set of primers is used for GADLOR 1 or GADLOR 2,
preferably one or more of the above-described the primer pairs of SEQ ID NOs 11 and 12,
SEQ ID NOs 13 and 14, SEQ ID NOs 15 and 16 and SEQ ID NOs 17 and 18. The reverse
transcriptase is used to generate a DNA copy (containing a promoter sequence for T7 RNA
polymerase) of the target sequence. T7 RNA polymerase produces multiple copies of RNA
amplicon from the DNA copy. Detection of GADLOR 1 and/or 2 expression level is achieved
by HPA using single-stranded, chemiluminescent-labelled nucleic acid probes that are
complementary to the one or more amplicon. Preferably, distinguishably labelled probes are
used for each target amplicon. The labelled nucleic acid probes hybridize specifically to the
amplicon. A “selection reagent” then differentiates between hybridized and unhybridized
probes by inactivating the label on unhybridized probes. During the detection step, the
chemiluminescent signal produced by the hybridized probe is measured in a luminometer
and is reported as “Relative Light Units” (RLU), thereby quantifying the GADLOR 1 and/or 2

expression level.

In accordance with a further preferred embodiment of the second aspect of the invention the
method comprises prior to the detection of the expression level of GADLOR 1 and/or 2 a pre-
amplification step of the RNA within the test patient's sample and/or the healthy patient’s

sample.

Performing a pre-amplification step is of particular advantage in case only a low amount of
(test and/or control) sample is available. The pre-amplification step allows increasing the
amount of RNA within the sample before proceeding to the analysis of the expression level.
Means and methods for the pre-amplification of RNA are well known in the art (see, e.g.,
Vermeulen et al (2009) BMC Res Notes., 2:235). In case both the RNA in the test and control
sample is pre-amplified preferably the same method for the pre-amplification step is used
such that the relative amount of RNA of the test sample as compared to the control sample is
maintained. In case only the RNA of the test or control sample is pre-amplified or the two
RNA samples are pre-amplified by different methods, the expression level data may have to
be normalized for the pre-amplification step; see, e.g. Mestdagh et al. (2009), Genome
Biology 2009, 10:R64.

In a third aspect the present invention relates to a kit for diagnosing cardiac remodelling in a
patient, said kit comprising means for the detection of the expression level of one or both
IncRNA(s) selected from GADLOR 1 and GADLOR 2 as defined in connection with the first

aspect of the invention, and instructions how to use the kit.
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The above definitions and preferred embodiments as described herein above in connection
with the first and second aspect of the invention apply mutatis mutandis to the third aspect of
the invention as far as being applicable to the second aspect of the invention. For instance,
also in connection with the third aspect the cardiac remodelling is preferably Heart Failure
with preserved Ejection Fraction (HFpEF), Heart Failure with reduced Ejection Fraction
(HFrEF), myocardial infarction related cardiac remodelling, a genetic cardiac disease
associated cardiac remodelling, cardiac hypertrophy and/or cardiac dysfunction related
cardiac remodelling. Among this list of cardiac remodelling conditions Heart Failure with
preserved Ejection Fraction (HFpEF), Heart Failure with reduced Ejection Fraction (HFrEF)
are more preferred. The cardiac hypertrophy is preferably ventricular hypertrophy, preferably
left ventricular hypertrophy, and/or the cardiac dysfunction is preferably ventricular

dysfunction, preferably left ventricular dysfunction.

The instructions how to use the kit preferably inform inter alia that a high expression level of
the IncRNA GADLOR 1 and/or GADLOR 2 is indicative for cardiac remodelling.

The means for the detection of the expression level of GADLOR 1 and/or GADLOR 2 are
preferably the means required for (i) a quantitative PCR, preferably quantitative real time
PCR, or (ii) a template/RNA amplification method followed by determining the expression
level of GADLOR 1 and/or GADLOR 2 using a fluorescence- or luminescence-based
quantification method. These means have been further detailed herein above in connection
with the second aspect of the invention, and may be comprised in the kit. Hence, the means
preferably comprise oligonucleotides, such as fluorescent hybridization probes or primers,
which specifically hybridize to GADLOR 1 and/or GADLOR 2. Additional ingredients of the
kits may be fluorescent or luminescent dyes, preferably coupled to said oligonucleotides.
Also, additional ingredients of the kits may be enzymes, such as a reverse transcriptase

and/or a polymerase.

Also in connection with the third aspect of the invention, GADLOR 1 and 2 preferably
comprises or consists of a nucleic acid sequence selected from the group consisting of SEQ
ID NOs 1 to 6. In this connection it is to be understood that the kits may also encompass
means for detecting INcCRNAs being with increased preference at least 80%, at least 85%, at
least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99%, and at least
99.5% identical to any one of SEQ ID NOs 1 to 6. The kit may furthermore encompass
means for detecting and comparing the expression level of one or more IncRNAs differing
with increasing preference by no more than 10, such as 5, 4, 3, 2 or 1 nucleotide(s) from any
one of SEQ ID NOs 1 to 6. The nucleotide differences may be the addition, deletion and/or
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substitution of nucleotide(s).

The various components of the kit may be packaged in one or more containers such as one
or more vials. The vials may, in addition to the components, comprise preservatives or

buffers for storage.

In accordance with a preferred embodiment of the third aspect of the invention, the the
means are primer pairs used for the specific detection of the IncRNA(s) selected from
GADLOR 1 and GADLOR 2.

The primer pairs of SEQ ID NOs 11 and 12, SEQ ID NOs 13 and 14, SEQ ID NOs 15 and
16, and SEQ ID NOs 17 and 18 are described herein above in connection with the method
according to the second aspect of the present invention. One or more of these primer pairs is
preferably incorporated into the kit of the invention as means for the detection of the

expression level of GADLOR 1 and/or 2.

In a fourth aspect the present invention relates to a method for producing a non-human
animal model for heart failure comprising (a) the administration of the IncRNA of GADLOR 1
and/or GADLOR 2 as defined in connection with the first aspect of the invention to the
myocardium of the animal; and (b) the induction of pressure overload in the myocardium of

the animal.

The non-human animal is preferably a mammal. Non-limiting examples are mouse, rat, swine

and monkey. The non-human animal is most preferably a mouse.

The step of the administration of the IncRNA of GADLOR 1 and/or GADLOR 2 as defined in
connection with the first aspect of the invention to the myocardium of the animal may also
encompass the production of a transgenic animal model, wherein GADLOR 1 and/or
GADLOR 2 isfare expressed in the myocardium of the animal. Considerable progress has
been made in methods for production of transgenic animal models; beginning with
pronuclear microinjection over 20 years ago. Today various methods, including the use of
viral vectors, sperm-mediated gene transfer and somatic cell cloning, are available that have
overcome many of the limitations of pronuclear microinjection. It is possible to not only
readily make simple insertional genetic modifications, but also to accomplish, more complex,
homozygous gene targeting and artificial chromosome transfer in animals. Exemplary
methods for producing transgenic mice that are widely used are transforming embryonic

stem cells (ES cells) growing in tissue culture with a desired DNA; injecting the desired gene
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into the pronucleus of a fertilized mouse egg.

The examples herein below show that the administration of the IncRNA of GADLOR 1 and/or
GADLOR 2 induces heart failure in TAC mice. The example also illustrate that a pressure
overload in the myocardium of an animal can be induced, for example, by transverse aortic
constriction (TAC).

In a fifth aspect the present invention relates to a non-human animal model for heart failure

that has been produced by the method of the fourth aspect the present invention.

Also this animal is preferably a mammal and is most preferably a mouse.

In a sixth aspect the present invention relates to the IncRNA of GADLOR 1 or GADLOR 2 as

defined herein in connection with the first aspect of the invention.

The IncRNAs of GADLOR 1 and GADLOR 2 are preferably the human GADLOR 1 or
GADLOR 2 orthologs of SEQ ID NOs 1 and 4.

Regarding the embodiments characterized in this specification, in particular in the claims, it is
intended that each embodiment mentioned in a dependent claim is combined with each
embodiment of each claim (independent or dependent) said dependent claim depends from.
For example, in case of an independent claim 1 reciting 3 alternatives A, B and C, a
dependent claim 2 reciting 3 alternatives D, E and F and a claim 3 depending from claims 1
and 2 and reciting 3 alternatives G, H and |, it is to be understood that the specification
unambiguously discloses embodiments corresponding to combinations A, D, G; A, D, H; A,
D,LAEGAEHAEILAFGAFHATFILBDGBDHBDIIBEG;,B,E,
H;B,E IB,F,G B F,HBFICDG;CDHCDICEGCEHCEICFG;
C, F, H; C, F, |, unless specifically mentioned otherwise.

Similarly, and also in those cases where independent and/or dependent claims do not recite
alternatives, it is understood that if dependent claims refer back to a majority of preceding
claims, any combination of subject-matter covered thereby is considered to be explicitly
disclosed. For example, in case of an independent claim 1, a dependent claim 2 referring
back to claim 1, and a dependent claim 3 referring back to both claims 2 and 1, it follows that
the combination of the subject-matter of claims 3 and 1 is clearly and unambiguously
disclosed as is the combination of the subject-matter of claims 3, 2 and 1. In case a further

dependent claim 4 is present which refers to any one of claims 1 to 3, it follows that the
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combination of the subject-matter of claims 4 and 1, of claims 4, 2 and 1, of claims 4, 3 and

1, as well as of claims 4, 3, 2 and 1 is clearly and unambiguously disclosed.

The figures show.

Figure 1: GATAZ2 is downregulated in endothelial cells upon mechanical stress. a,
Immunoblot and quantification (b) for GATA2 from control and failing hearts of patients
undergoing left ventricular assist device (LVAD) implantation. Ponceau staining was the
loading control. Luciferase assay from primary cardiac endothelial cells (c) and C166
endothelial cells (ECs) (d) infected with Ad.GATA-Luc and subjected to mechanical stretch or
not (static) for 24h. e, Immunoblot for GATA2 and quantification (f) of primary cardiac ECs
treated for 24h as indicated. Data are mean * sem; the number of biological replicates is
shown in bars; *p<0.05, *** p<0.001.

Figure 2: Endothelial GATA2 knock-out mice (G2-EC-KO) develop heart failure during
pressure overload (TAC). a, gPCR of GATAZ mRNA in cardiac endothelial cells (EC) from
indicated mice. b, Heart weight/body weight (HW/BW), lung weight/BW ratio and (c) left
ventricular ejection fraction (EF) 2 weeks after sham or TAC surgery. d,
Capillaries/cardiomyocyte ratio and (e) representative immunofluorescence pictures (scale
bar, 20um). f, gPCR of GATA2 mRNA in cardiac ECs. g, Kaplan-Meier survival curves after
TAC (n=37 control and n=16 VE-Cad-G2-EC-KO). h, EF of mice 4 weeks after TAC. i,
Capillaries/cardiomyocyte ratio. j, Scheme of experiments in k and |. k, gPCR of GATA2
mMRNA in GATA2™"* ECs treated as indicated. |, Size of cardiomyocyte (CMs) grown on
ECs. Representative immunofluorescence pictures (scale bar, 50um). Data are mean + sem;
the number of biological replicates is shown in the graphs; *p<0.05, **p<0.01, *** p<0.001,
% n<0.0001.

Figure 3: The IncRNAs GADLOR1 and 2 are suppressed by GATAZ2. a, Volcano plot of RNA
expression from microarray of cardiac endothelial cells (EC) from indicated mice. Red dots
indicate upregulated, green downregulated and blue unregulated RNAs in G2-EC-KO ECs.
b-¢c, gPCR for GADLOR1 and 2 in mouse cardiac ECs. d-e, gPCR of GADLOR1 and 2 in
cardiac ECs and whole hearts. f, UCSC Genome Browser view of mouse chromosome 16,
encoding GADLOR1 (AK037972) and 2 (AK038629). g-h, Scheme of promoters of
GADLOR1 and 2; potential GATA binding sites and primers for ChIP are shown. Below, left:
Anti-myc ChlIP for binding of myc-GATAZ2 to promoter regions of GADLOR1 (g) and 2 (h).
Below, right: Luciferase activity after co-transfection with pGADLOR1-Luc (g) or pPGADLOR2-
Luc (h) and GATAZ2 or control plasmid. i, gPCR of GADLOR1 and 2 in cardiac tissue from
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failing hearts and serum of patients with heart failure due to aortic stenosis. Data are mean +
sem; the number of biological replicates is shown in graphs; *p<0.05 **p<0.01, *** p<0.001,
**** p<0.0001.

Figure 4: Regulation of cardiomyocyte signalling by endothelial GADLOR1 and 2. a,
Immunoblots for indicated proteins of cardiac protein lysate 2 weeks after surgery. b,
Immuno-fluorescence of cardiac sections. ¢, gPCR for RCAN1.4 mRNA from mouse hearts
.(d) Experimental scheme (above) and gqPCR (below) of GADLOR1 and 2 in isolated
GATA2"" gndothelial cells (ECs) treated with Ad.Cre or Ad.Control and in cardiomyocytes
(CM) treated with exosomes from supernatants of these ECs. e, Experimental scheme
(above) and gPCR results (below) from CMs treated with exosomes from supernatants of C-
166 ECs over-expressing GADLOR1 or 2 for 72h. CM immunofluorescence (right)

after freatment with PKHG67 labeled EC exosomes(scale bar, 20um). f, Immunoblots of
indicated proteins from CMs treated as shown. g, Luciferase activity from CMs infected with
Ad.NFAT-Luc, treated with PE and exosomes. Data are mean + sem:; the number of
biological replicates is shown in the graphs; *p<0.05, **p<0.01, *** p<0.001, **** p<0.0001.

Figure 5: GADLORs interact with the Ras-like protein TC21. a, Scheme of the GADLOR co-
precipitation assay. b, Proteins bound to GADLORZ2, determined by mass spectrometry. c,
Quantification of TC21/GADLOR co-immunoprecipitation (RIP assay) after IP with IgG or
anti-myc from HEK293 cells transfected with TC21-myc and GADLOR1+2. d, Immunoblot of
indicated proteins with quantification (e-f) from HEK293 cells transfected with active TC21
(TC21-V23) and treated with exosomes as shown. g, IP with anti-myc or 1gG from HEK293
cells transfected with TC21-myc and ftreated with exosomes as indicated, and
immunoblotting (IB) as demonstrated with quantification in (h). Data are mean + sem; the
number of biological replicates is indicated within the graphs; *p<0.05, **p<0.01, ****
p<0.0001.

Figure 6: GADLORs trigger cardiomyopathy. a, Experimental scheme. b, qPCR of
GADLOR1 and 2 from hearts 1 week after TAC and application of control or GADLOR
exosomes. c-d, Echocardiographic ejection fraction (EF), wall thickness and left ventricular
end-diastolic area (LVEDA) 1 and 2 weeks after surgery. e, gPCR of cardiac BNP and
RCAN1.4 mRNA of mice treated like in (b). f, Immunoblots for indicated proteins from whole
hearts and quantification (g). h, Experimental scheme of the GapmeR experiment. i, Heart
weight/body weight (HW/BW), lung weight/BW ratio and (j) EF in mice treated with
GADLOR1+2-specific or control GapmeR after TAC surgery. k, Immunoblot from mouse
hearts and quantification (I). Data are meantsem; the number of biological replicates is
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indicated within the graphs; *p<0.05, **p<0.01.

Figure 7: Further characterization of endothelial GATA2 knock-out mice (G2-EC-KO). a, G2-
EC-KO and control mice were subjected to transverse aortic constriction (TAC) for 2 weeks.
Left ventricular end-diastolic area (LVEDA) and heart rate (b) were determined during
echocardiography. c-g, qPCR analysis of ANP, BNP, a-MHC, B-MHC and SERCA2a mRNA
expression from mouse hearts. h, Sirius-red staining (scale bar, 100um) of heart tissue slides
and quantification of cardiomyocytes cross-sectional area (i) of the indicated mice two weeks
after TAC. j-I, G2-EC-KO (VE-Cad) and control mice were subjected to TAC or sham surgery
for 4 weeks. LVEDA (j) and heart rate (k) were determined. |, Sirius-red staining of heart
sections (scale bar, 100um). Data are meantsem; the number of biological replicates is

indicated within graphs; *p<0.05, **p<0.01.

Figure 8: GADLOR expression in wild-type mice. a, Tissue expression pattern of GADLOR1
and 2 of various mouse organs. The relative expression as determined in a gPCR run is
demonstrated. b, GADLOR expression in cardiac endothelial cells in response to sham or 1
or 8 weeks of TAC. Data are meantsem; the number of biological replicates is indicated

within the graphs; *p<0.05, **p<0.01.

Figure 9: Short open reading frames in the GADLORs. Analysis of possible open reading
frames (ORF) of GADLOR1 and GADLORZ; bp denotes base pairs, aa denotes amino acids.

Figure 10: Signal transduction in GATA2 mutant mice and during GADLOR exposure. a-d,
Quantification of the immunoblots shown in the Figure 4a and 4f (e-1). m, Inmunoblot of the
indicated proteins from cardiomyocytes stimulated with phenylephrine (PE, 100uM) for 15min
and treated with exosomes containing either GADLOR1 or 2. Data are meantsem: the

number of biological replicates is indicated within graphs; *p<0.05, **p<0.01, ***p<0.001.

Figure 11: Endothelial GADLORSs transfer to cardiomyocytes and manipulation of GADLOR
expression by specific GapmeRs. a-c, gPCR analysis of the GADLOR1 and 2 expression in
cardiomyocytes treated with exosomes purified from supernatants of C-166 endothelial cells
overexpressing GADLOR1 or 2. d-e, gPCR analysis of GADLOR1 or 2 expression in COS
cells overexpressing GADLOR1 or 2 after transfection with different concentration of
GapmeR or GapmeR2 as indicated. GapmeR against GADLOR1 and GapmeR against
GADLOR?2 were used in combination for the experiment shown in Figure 6h. GapmeR2 were
not used. f, gPCR of GADLOR1 or 2 in endothelial cells isolated from the hearts of G2-EC-
KO, VE-Cad mice treated with control GapmeR or GADLOR1/2-specific GapmeRs. Data are
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meanzsem; the number of biological replicates is
indicated within the graphs; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001

Figure 12: Schematic representation of this study’s findings. Chronic cardiac overload
(stress) reduces GATAZ2 in endothelial cells. This leads to de-repression of the IncRNAs
GADLOR1 and 2, which are secreted and taken up by cardiomyocytes, where they disturb
the interaction between TC21 and PI3K ultimately resulting in reduced p38 and Akt,

increased calcineurin activation and cardiomyopathy.
The Examples illustrate the invention.
Example 1 — Material and Methods

Animals

Tamoxifen-inducible endothelial cell specific GATA2 knock-out mice were generated by
crossing GATA2™" mice with Tie2ER™Cre (in here: Tie2-CreER) transgenic mice or
Cdh5(PAC)-CreERT?2 (in here: VE-Cadherin-CreER) mice “*%>*° GATA2"°* and wild-type
mice with and without Cre were used as controls. GATA2™™ x Tie2-CreER (G2-EC-KO)
and control animals received tamoxifen (Sigma-Aldrich) in their diet (400 mg/kg food pellets
for 6 weeks, i.e. 40mg/kg body weight/day). GATA2""*x VE-Cadherin-CreER (G2-EC-KO,
VE-Cad) and controls were injected intraperitoneally with a dose of 0.5mg/mouse/day of
tamoxifen for 6 consecutive days. Administration of tamoxifen was started at the age of 5-6
weeks. Further details on mouse strains is shown in Table 1. Constriction of the transverse
aortic arch (TAC) was performed in 8- to 12 week old mice around a 27-gauge needle as
previously described *. Echocardiography was performed with a linear 30MHz transducer
(Vevo770, Visualsonics) in mice that were sedated with 1-1.5% isoflurane and placed on a
heating pad to maintain body temperature. LV end-diastolic area (LVEDA), enddiastolic
average wall thickness (Wth) and enddiastolic volume (EDV) as well as end-systolic area
(LVESA) and endsystolic volume (ESV) were recorded or calculated from the short axis view.
Ejection fraction was calculated as [(EDV-ESVYEDV] x 100. For the assessment of mouse
survival after TAC, mice were followed and inspected daily for 15 days. No mortality was
observed in sham operated mice. Mice that died before the end of the planned experimental
period were excluded from the analysis.

At the end of the experiments, mice were weighed and then euthanized. Hearts and lungs
were quickly removed from the thoracic cavity. After removal of blood, the heart and lung
weights were determined. All procedures involving the use and care of animals were

performed according to the Guide for the Care and Use of Laboratory Animals published by
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the National Research Council (NIH Publication No. 85-23, revised 1996) and the German
animal protection code. All animal procedures were approved by our local state authorities
(the Lower Saxony State Office for Consumer Protection and Food Safety, Germany 33.9-
42502-12-10/0016 and 33.19-42502-04-14/1403).

LNA GapmeR control (40 mg/kg/body weight; Exigon) or LNA GapmeR GADLOR1&2 (40
mg/kg/body weight for each; Exiqon) were injected intraperitoneally twice per week starting
24h after surgery (Figure 6h).

Human tissue and serum samples

Studies on human heart tissue were permitted by the Massachusetts General Hospital
Institutional Review Board (US), and by the Ethical Committee of the Hannover Medical
School, Germany (Az. Z 14.06-A 1871-30724/98).The human heart samples used in this
study were in part described previously and obtained after death, explantation or left
ventricular assist device (LVAD) implantation®”. Control human heart tissue was derived from
victims of motor vehicle accidents, gunshot wounds or from healthy heart organ donors,
when the organ was ineligible for transplantation. Failing human heart samples were derived
from patients with end-stage heart failure undergoing cardiac transplantation. Transmural
left-ventricular samples of the cardiac apex were obtained during implantation of an LVAD
(Table 2).

Human serum samples were collected from the patients with known aortic stenosis before
replacement of the aortic valve or from healthy blood donors (Table 3). This study was
approved by the Ethical Committee of the Hannover Medical School, Germany. All

individuals and patients gave written informed consent.

Cell culture

Primary juvenile cardiac endothelial cells were isolated from the hearts of 7-11 days old mice
as previously described by Lim and Luscinskas **. In short, the mouse hearts were digested
by collagenase type 1 (Worthington) with subsequent purification of endothelial cells by
Dynabeads (Invitrogen) coated with CD31 antibody (BD Pharmingen). The cells were plated
on gelatine coated cell culture plates. After growing to confluency, the cells were purified
again with Dynabeads coated with CD102 (BD Biosciences) antibodies and plated on
gelatine coated cell culture plates for experiments.

Adult heart endothelial cells were isolated from the hearts of adult mice using CD146 coated
micro beads with MACS technology from Miltenyi. The primary isolated ECs were about 85%
pure as determined by FACS analysis after staining for CD31. The isolated cells were

directly used for RNA extraction.
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Neonatal rat ventricular cardiomyocytes (NRCMs) were isolated from 1-3 day old Sprague-
Dawley rats by Percoll density gradient centrifugation as previously described %, On the day
after isolation, the cells were switched to serum free media.

HEK293 cell line (Cell Line 293 ACC: 305, DSZM), NIH3T3 (ATCC), COS-1 and C166
mouse embryonic yolk sac endothelial cells (C-166, ATCC) were cultured in DMEM
containing 10% FCS.

Plasmids and adenoviruses

To generate the luciferase reporter plasmids harboring the putative GADLOR1 and 2
promoter DNA, the sequences 3365bp upstream of GADLOR1 and 3581bp upstream of
GADLOR?2 (Figure 3g and h) were separately cloned into the pGL2 basic vector (Promega)
to generate pGADLOR1-Luc and pGADLOR2-Luc. The TC21-expressing plasmid was
generated by cloning TC21 ¢DNA amplified by PCR from the RRAS2 plasmid (#38816,
Addgene) with insertion of a C-terminal myc-tag sequence into the pShuttleCMV vector
(Agilent Technologies) to generate pshuttleCMV-TC21-myc. The myc-tagged TC21-V23
expressing construct was kindly provided by Christopher J. Marshall ?'. All transfections were
performed using Lipofectamine 2000 reagent (Invitrogen).

Ad.Bgal (Ad.Control), Ad.Cre, Ad.GATA-luc and Ad.NFAT-luc were previously described
202754 To generate GADLOR-expressing recombinant adenoviruses (Ad.GADLOR1 and 2),
the mouse cDNAs of AK037972 (GADLOR1) and AK038629 (GADLOR2, both from Source
BioScience) were subcloned into the pShuttleCMV vector and adenoviruses were generated
using the AdEasy Adenoviral Vector System (Agilent Technologies). For GATA2
overexpression, human GATA2 cDNA (BC006793, Open Biosystems) was subcloned into
the pShuttleCMV vector, a myc-tag was introduced at the N-terminus (pshuttleCMV-GATA2-
myc), and an adenovirus was generated.

Adenoviral infection of cultured cells was conducted at 37°C for 2 hours. Subsequently, the
cells were washed three times with PBS before cell culture media was applied.

Co-culture of endothelial cells and cardiomyocytes

Adenoviruses encoding for either B-galactosidase (Ad.Control) or Cre-recombinase (Ad.Cre)
were added to primary juvenile endothelial-cells for two hours on the day after purification
with CD102 antibodies. For co-culture, neonatal rat cardiomyocytes were plated on top of the
endothelial cells 24 hours later and stimulation with phenylephrine (PE, 100uM) was
subsequently conducted. Cell size was determined by planimetry after immunofluorescence

staining for a-actinin (Sigma-Aldrich).
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Exosome extraction

The exosomes were isolated from supernatants of C-166 cells 72 hours after infection (or
other time points as indicated) with Ad.GADLOR1 and/or Ad.GADLOR2 or from primary
juvenile endothelial cells 5 days after infection with Ad.Control or Ad.Cre, using the
ExoQuick-TC™ exosome precipitation solution (SBI System Biosciences) according to the
manufacturer’s instructions. Exosome pellets were resuspended in growth medium and
applied to the cells. As control, exosomes isolated from the supernatants of C-166 or juvenile
endothelial cells infected with Ad.Control were used.

For application in vivo, exosomes were injected together with 0.5ug sodium nitroprusside
(Sigma-Aldrich) into the left ventricular cavity with simultaneous cross-clamping of the aorta
and pulmonary artery in 0.9% sodium chloride solution (total volume, 100ul/injection) as
described previously for cardiac adenoviral delivery 2 TAC surgery was performed
immediately after exosome administration. Exosomes were labeled with the green
fluorescent dye PKH67 (Sigma-Aldrich) according to the manufacturer's instructions.
Exosomes pellets were resuspended in diluted PKHE7. After washing with PBS, exosomes
were pelleted by centrifugation, resuspended in cell culture medium and added to the
cardiomyocytes. After 24 hours of incubation, cells were washed, fixed with 4%

paraformaldehyde and analyzed.

Stretch assay

To produce cyclic stretch in vitro, a computerized Flexcell strain unit (FX-5000T, Flexcell
International) was employed. Cells were seeded on a Bioflex culture plate on type | collagen
substrate (Dunn Labortechnik). 24 hours after infection with Ad.GATA-Luc, cells were
subjected to a 15% radial stretch (1Hz) for 24 hours. Controls consisted of cells seeded on

the Bioflex culture plate, without cyclic stretch.

Luciferase assay

NIH3T3 cells were transiently transfected with pGADLOR1/2-Luc constructs and co-
transfected with pshuttleCMV-GATA2-myc or empty plasmid.

NRCM were infected with Ad.NFAT-luc. Primary juvenile endothelial cells were infected with
Ad.GATA-Luc and subjected to stretch. All cells were harvested 48 hours after
transfection/infection using Passive Lysis Buffer (Promega) and luciferase activity was

measured. Values were normalized to total protein as described previously *.

RNA isolation and real-time PCR
RNA from cultured cardiomyocytes, mouse hearts or human hearts was isolated with the

Trifast reagent (Peqglab). For RNA isolation from endothelial cells and human serum samples,
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the NucleoSpin RNA 11 kit (Macherey Nagel) and RNeasy mini kit (Qiagen), respectively,
were used according to the manufacturer's protocol.

cDNA was generated from RNA with the Maxima H Minus First Strand cDNA Synthesis Kit
(Thermo Scientific) using standard procedures. Quantitative PCR was performed using the
Maxima SYBR Green gPCR Master Mix (Thermo Scientific) following the kit directions with
the MX4000 multiplex QPCR system from Stratagene. Gene expression was normalized to
Gapdh mRNA expression. The value of control samples was set to 1. Tissue expression
analysis of GADLORS was performed using mouse normal tissue qPCR panel | (TissueScan
gPCR array, OriGene Technologies) with GADLOR1 or 2 specific primers following the

manufacturer’s protocol. The gPCR primers are listed in Table 1.

Agilent microarray

For gene expression profiling, the Mouse Gene Expression kit from Agilent was used. 200ng
of total RNA was transcribed into cDNA, amplified using T7 RNA polymerase while
incorporating cyanine 3-labeled CTP and then hybridized according to the manufacturer’s
protocol (Quick Amp, Agilent). Signal intensities were extracted from scan images using
Feature Extraction Software v10.7.3.1. The raw data has been deposited in the GEO
expression database (http://www.ncbi.nlm.nih.gov/geo/) under the accession number
GSE93596. Raw data were further analysed using R package “Limma”. Raw data were log2
transformed and quantile normalized. For testing differential gene expression, normalized
data sets were filtered for informative genes (showing at least expression values > log2(15)
in more than two samples). Datasets were tested across all groups (ANOVA) or pairwise
using linear models to assess differential expression in the context of the multifactorial
designed experiment. For statistical analysis and assessing differential expression, Limma
used an empirical Bayes method to moderate the standard errors of the estimated log-fold

changes.

Immunoprecipitation and immunoblot analysis

The cells were harvested in lysis buffer containing 10mM Hepes, 100mM KCI, 5mM MgCl,
and 0.5% NP-40. Immunoprecipitation was conducted with 4ug anti-myc antibody/sample
(Cell Signalling). The immuno-complexes were captured with Protein A/G PLUS Agarose
beads (Santa Cruz), and after washing, the proteins were resolved with SDS-PAGE
electrophoresis and subjected to immunoblotting.

Immunoblotting was performed using standard procedures with antibodies to the following
proteins: phospho-Akt, total-Akt, phospho-p38 MAPK, total-p38 MAPK, phospho-ERK1/2,
ERK 1/2, phospho-SAPK-JNK, total-SAPK-JNK, myc-tag (all from Cell Signaling
Technology), GATAZ2 (Abcam), PI3 Kinase p85 (Millipore), TC21/R-Ras2 (R&D) and actin
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(Sigma-Aldrich). Further details on the antibodies used in this study are available in Table 1.
Densitometry of protein bands was performed using QuantityOne (Bio-Rad) software.

IncRNA pulldown

The sequence of GADLOR2 was amplified by PCR using a forward primer carrying a T7
polymerase promoter sequence at the 5 end. Approximately 2ug of purified PCR product
(PCR purification kit, Thermo Scientific) was transcribed in vitro with incorporation of biotin
with a Biotin RNA Labeling Mix (Roche) and T7 RNA polymerase (Roche). Cell lysates from
isolated cardiomyocytes were incubated with the labeled RNA overnight at 4°C. 60yl of
washed streptavidin agarose beads (Millipore) were added to each binding reaction and
multiple washing steps were performed. The associated proteins were eluted from the beads,
resolved by SDS-PAGE, and whole gel lanes were excised and analyzed by mass

spectrometry.

ChIP assay

The chromatin-immunoprecipitation (ChiP) assay was performed according to
manufacturer’s directions (ChlP Assay kit, Millipore) on the cells overexpressing myc-tagged-
GATAZ2 protein. Myc-tag antibodies (Cell Signaling) and normal mouse IgG (Santa Cruz)
were used for immunoprecipitation. Sequences of the primer used to amplify regions of
GADLOR promoter are listed in Table 1.

RIP assay

RNA-protein complex immunoprecipitation (Figure 5c¢) was performed from HEK293 cells
transfected with pshuttleCMV-TC21-myc and with pshuttleCMV-GADLOR1 and 2, using anti-
myc (Cell Signaling) or normal goat IgG (Santa Cruz) with Magna RIP™ RNA-Binding
Protein Immunoprecipitation Kit (Millipore) according to manufacturer's directions. Co-
precipitated RNA was extracted by Trifast reagent (Peglab) according to the manufacturer’s
protocol and subjected to qRT-PCR analysis to detect each GADLOR. Primer sequences are

shown in Table 1.

Histological analysis

Cryosections (7um in thickness) were stained with TRITC-conjugated wheat germ agglutinin
(WGA, Sigma-Aldrich) to outline cardiomyocytes and with Isolectin B4 (Vector Laboratories)
to visualize endothelial cells and capillaries. Fibrosis was detected with the Sirius Red
staining method.

Immunofluorescence staining was performed using standard procedures. Antibodies used for

immunofluorescence staining (see also Table 1): phospho-p38 MAPK, phospho-Akt (both
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from Cell Signaling Technology), a-actinin (Sigma-Aldrich) followed by Anti-Rabbit/Mouse
IgG Alexa Fluor® 488 or Anti-Rabbit/Mouse IgG Alexa Fluor® 555 secondary antibody
(NEB). Nuclear staining was performed with Mounting Medium (Roth) with DAPL

Statistical analysis

All values are presented as means + sem. Sample size was chosen as a result of previous
experience regarding data variability in similar models and experimental set-up. No statistical
method was used to predetermine sample size. All experiments were carried out in at least 3
biological replicates. The number of biological replicates (number of mice, samples or cell
culture dishes) is demonstrated in the Figures. Randomization was not used in this study.
The investigators were blinded for mouse genotype and treatment during surgeries,
echocardiography, organ weight determination and all histological and immunofluorescence
quantifications. The variance was comparable between groups and normality was assumed,
when possible. Adequate tests were chosen to assess statistical significance. Multiple
groups were compared by one-way repeated measures analysis of variance (ANOVA)
followed by the Sidak’s multiple comparisons test or by Student’s t-test when comparing two
experimental groups. Mouse mortality after TAC surgery was analyzed by the log-rank test. A
two-tailed P value of less than 0.05 was considered significant. All statistics were calculated

with the Graph Pad Prism 6 software.

Data availability

The micro-array data that support the findings of this study have been deposited in the Gene
Expression Omnibus (GEO) repository with the accession code GSE93596. The data can be
accessed using the following link:

https://www.ncbi.nim.nih.gov/geo/query/acc.cgi?token=wvsnakcalpkpxyl&acc=GSE93596
Example 2 — Reduced endothelial GATA activation upon stretch

In the heart, GATAZ2 is expressed in ECs, but not in cardiomyocytes or fibroblasts®. A strong
downregulation of GATAZ2 protein in myocardial specimens from patients with advanced
systolic heart failure compared to control myocardium was found (Fig. 1a-b, Table 2). It was
hypothesized that the increased cardiac mechanical overload in heart failure might trigger the
GATAZ2 dysregulation. To directly measure GATA activation in response to mechanical
overload, primary cardiac mouse ECs and C166 ECs were transduced with a GATA
dependent luciferase reporter adenovirus and subsequently applied cyclic stretch. This
mechanical loading significantly reduced GATA dependent transcriptional activity in both

endothelial cell types (Fig. 1c-d). Immunoblotting revealed a concomitant decrease in GATA2
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protein levels in stretched versus static ECs (Fig. 1e-f).
Example 3 - Endothelial GATA2 knock-out triggers heart failure

To assess the functional consequences of reduced endothelial GATA2 abundance during
cardiac overload, endothelial GATA2 knock-out mice (G2-EC-KO) were generated by
breeding mice harbouring a LoxP targeted GATAZ2 allele with endothelial Cre expressing
Tie2-CreER mice (GATA2™™* x Tie2-CreER, Fig. 2a). DNA recombination in ECs was
achieved by administration of tamoxifen containing chow for 6 weeks starting at the age of 6
weeks. Littermate GATA2""* and wild-type (WT) mice with and without Tie2-CreER fed
with tamoxifen were used as control. Real-time PCR (qPCR) from isolated heart ECs
revealed a (by 50-60%) reduced Gata2 mRNA abundance in G2-EC-KO mice (Fig. 2a).To
mimic pathological hemodynamic overload, experimental transverse aortic constriction (TAC)
was performed in G2-EC-KO and control mice. Two weeks after TAC, G2-EC-KO mice
exerted an increased heart weight/ body weight (HW/BW) and lung weight/ body weight ratio
versus control mice as sign of enhanced cardiac growth and pulmonary congestion (Fig. 2b).
Echocardiography revealed a significantly reduced ejection fraction as indicator of systolic
heart failure in G2-EC-KO mice after TAC, but no changes were observed in cardiac diastolic
dimensions or heart rate (Fig. 2c, Fig. 7a-b). The expression of foetal genes and the
cardiomyocyte cross-sectional area were enhanced in G2-EC-KO mice after TAC (Fig.7¢c-g,
i). No differences were noted between both groups of mice after sham surgery. Assessment
of capillary density in the myocardium revealed no changes between control or G2-EC-KO
mice after TAC or sham surgery (Fig. 2d-e). Similarly, cardiac tissue fibrosis was not
changed (Fig.7h). In order to obtain a more efficient removal of GATAZ in ECs, GATA2fox/lx
mice were crossed with endothelial Cre expressing VE-Cadherin-CreER mice. DNA
recombination was induced by intraperitoneal tamoxifen injections at the age of 6 weeks. The
resulting G2-EC-KO (VE-Cad) mice exerted a significant reduction (by 90%) of Gata2 mRNA
expression in isolated cardiac ECs compared to control mice (GATA2"™™* WT and VE-
Cadherin-CreER mice with tamoxifen injection, Fig. 2f). TAC led to a significantly increased
mortality in G2-EC-KO (VE-Cad) mice compared to control mice (Fig. 2g). No mortality was
observed after sham operation. Echocardiography in surviving mice revealed a reduced
cardiac systolic function in VE-Cadherin-CreER based G2-EC-KO compared to control mice
after TAC (Fig. 2h, Fig. 7j-k). The capillary/cardiomyocyte ratio was similarly increased in
both groups of mice after TAC (Fig. 2i) and no difference in myocardial fibrosis was noted
(Fig. 71). Because these results suggested that ECs with reduced GATAZ2 levels trigger
cardiomyocyte hypertrophy and dysfunction, a co-culture system was established to test

whether a direct interaction between both cell types was involved. Cardiac ECs of
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GATA2"™™* mice were isolated and transduced with Cre-recombinase (Ad.Cre) or lacZ
(Ad.Control) adenoviruses (Fig. 2j). Ad.Cre led to reduced GATA2 in ECs, and
cardiomyocytes plated on top displayed enhanced hypertrophy compared to those plated on
Ad.Control infected ECs (Fig. 2k-1).

Example 4 - Release of GADLOR IncRNAs due to reduced GATA2

Next, it was assessed how reduced GATAZ2 levels in ECs might lead to cardiac failure.
Therefore, cardiac ECs of control or G2-EC-KO mice were isolated and their transcriptome
was analyzed by microarray (Fig. 3a). In total, 398 RNAs were significantly regulated by
more than twofold (280 up and 118 down) in response to reduced GATA2. The two most
prominently upregulated transcripts in GATA2 depleted cardiac ECs were the unnamed
RNAs AK037972 (Log2FC=5.2) and AK038629 (Log2FC=3.5). Because their expression
was suppressed by GATA2 they were named GATA Downregulated LOng non-coding RNA
(GADLOR)1 and 2. A screen of GADLOR1 and 2 expression revealed a highly overlapping
pattern in different mouse organs (Fig. 8a). The strong upregulation of GADLOR1 and 2
RNAs in cardiac ECs from G2-EC-KO versus control mice was confirmed by qPCR, but the
exposure to TAC or sham surgery did not have an additional effect (Fig. 3b-c). VE-Cadherin-
CreER based G2-EC-KO mice also exerted a highly significant upregulation of GADLOR1
and 2 in cardiac ECs, although to a somewhat lesser extent (Fig. 3d-e). In contrast, in WT
mice, GADLOR1 and 2 appeared transiently suppressed very early (1 week), but not late (8
weeks) after TAC in cardiac ECs (Fig. 8b). Comparison of GADLOR1 and 2 expression in
purified cardiac ECs versus heart tissue from control and G2-EC-KO (VE-Cad) mice revealed
high enrichment of both RNAs in ECs (Fig. 3d-€).

GADLOR1 is 2296 base pairs (bp) long and exerts only scattered short fragments of possible
protein coding regions, with a maximum length of 77 amino acids (Fig. 9). None of these
potential peptide fragments matched any known mouse peptides using blastp search (NCBI).
GADLOR? is 1393 bp long and similar to GADLOR1 only scattered very short potential
reading frames encoding either 35 or less amino acids were found, which do not show
similarities to known mouse peptides (Fig. 9). SDS-Gel and subsequent mass-spectrometry
did not identify any of the potential peptides in mouse C166 ECs with adenoviral
overexpression of GADLOR1 or GADLOR2. It was therefore concluded that GADLOR1 and
GADLORZ2 are IncRNAs. Both IncRNAs do not share any significant similarities. They are
encoded on mouse chromosome 16 and are located in close proximity to each other, with
only 3601 bp between them (Fig. 3f). They are embedded in the intron after exon 1 of the
Lsamp gene, which encodes the limbic system-associated membrane protein that is mainly

expressed in the brain, where it regulates for example locomotion and anxiety. Lsamp gene
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expression was not detected in our microarray from cardiac ECs. Interestingly, the
GADLOR1 and 2 sequences are highly conserved between mouse, rat, rabbits, humans and
dogs (Fig. 3f). The sequence (-3365 bp) upstream of GADLOR1 were analyzed as potential
promoter region (Fig. 3g) and 24 possible GATA binding sites were identified. A chromatin
immunoprecipitation (ChIP) with anti-myc or control IgG from C166 mouse ECs infected with
a GATA2-myc expressing adenovirus revealed GATA2 binding especially in the region
detected by the primer pairs #1 and #4, which also contain GATA consensus binding motifs
(Fig. 3g). Accordingly, GATAZ2 expression dose dependently suppressed luciferase activity
driven by the putative -3365 bp promoter region. Similar results were obtained when
analysing the -3581 bp region upstream of GADLORZ2, in which 26 potential GATA sites were
identified. A ChiP assay demonstrated binding of GATAZ2 (in region detected by primers #4
and #5, both containing GATA sites) and GATAZ2 potently suppressed the activity of the
promoter (Fig. 3h). Because reduced GATA2 led to increased endothelial GADLOR1/2
expression in mouse hearts and because reduced GATAZ2 levels in human failing hearts
were detected, GADLOR expression in heart tissue and serum of patients with heart failure
or hypertrophy was analyzed. Interestingly, the expression of GADLOR1 and 2 were highly
upregulated in the myocardium of patients with endstage heart failure before receiving
cardiac transplantation (Fig. 3i). Similarly, GADLOR1/2 levels were significantly elevated in
the serum of patients with cardiac hypertrophy due to aortic stenosis (Fig. 3j, Table 2).

Example 5 - GADLORSs interfere with cardiomyocyte stress signalling

To understand the reasons for the development of cardiomyopathy in G2-EC-KO mice,
pressure-overload induced stress signalling was assessed by immunoblot (Fig. 4a, Fig. 10a-
d). Compared to control mice, G2-EC-KO mice showed markedly reduced phosphorylation
(i.e. activation) of p38MAPK and some degree of reduced Akt, ERK and JNK
phosphorylation after TAC. Immunofluorescence analysis with phospho-specific antibodies
revealed that reduced Akt and p38 activation in the knock-out mice occurred in
cardiomyocytes (Fig. 4b). This was accompanied by increased cardiac RCAN1.4 mRNA
expression in G2-EC-KO mice after TAC, indicative of increased calcineurin/NFAT activation
(Fig. 4c).

It was hypothesized that the high expression of GADLORSs in ECs of the GATA2 mutant mice
triggers dysregulation of signalling in cardiomyocytes. Thus, we examined whether the
GADLORs are secreted by cardiac ECs and taken up by cardiomyocytes to regulate
signalling in these cells. To address this, we studied cardiac ECs from GATA2™1* mice, in
which GATAZ was eliminated by adenoviral Cre expression. Cre transduced ECs exerted

increased GADLOR1/2 levels (Fig. 4d). Because RNA can travel from one cell to another via
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extracellular vesicles like exosomes, these were isolated from the supernatant of Ad.Control
or Ad.Cre infected mouse cardiac ECs and transferred them to rat cardiomyocytes.
Compared to rat cardiomyocytes without any exosome treatment, exosomes from Ad.Control
mouse ECs entailed strong enrichment of mouse GADLOR1/2 (assessed by mouse specific
gPCR), indicating a constitutive release of GADLORSs into endothelial cell derived vesicles
(Fig. 4d). Cardiomyocyte enrichment of mouse endothelial GADLORs was significantly
higher, when exosomes from GATAZ2 depleted ECs were applied. Another model was
established, in which GADLOR1 or 2 (Ad.GADLOR1/ Ad.GADLOR?2) or lacz (Ad.Control)
was overexpressed by adenovirus in C166 ECs, isolated exosomes from the supernatant
and transferred them to cardiomyocytes. After 4 hours of incubation, the cardiomyocytes
were washed and RNA was either extracted immediately or after further culturing of the
cardiomyocytes. 24 hours after removal of the exosome containing medium, exosomes were
still detectable in cardiomyocytes and GADLORs were highly abundant in cardiomyocytes
treated with GADLOR1 or 2 overexpressing versus control exosomes (Fig. 4e and Fig. 11b).
Interestingly, GADLOR1/2 overexpression in cardiomyocytes was detected already after 4
hours of incubation with GADLOR exosomes and continued to be evident after 48 hours (Fig.
11a, ¢) and 72 hours (Fig. 4e). Next, the functional consequences of GADLOR uptake in
cardiomyocytes were assessed. Because reduced activation of p38 and Akt kinases in G2-
EC-KO hearts was found, the impact of GADLOR on cellular signal-transduction was tested.
Cardiomyocytes were pre-treated either with endothelial control exosomes or exosomes
containing GADLOR1 and 2. 24 hours later, the cardiomyocytes were stimulated with the o-
adrenergic agonist phenylephrine (PE) or the protein synthesis inhibitor and direct activator
of stress protein kinases anisomycin for 15 min and 24 hours. Assessment of kinase
activation demonstrated enhanced activation of p38, ERK and JNK mainly 15 minutes and of
Akt 24 hours after the addition of PE to cardiomyocytes treated with control exosomes, while
in contrast, p38 as well as Akt activation were markedly blunted in cardiomyocytes treated
with GADLOR1 and 2 exosomes (Fig. 4f). ERK and JNK activation appeared unchanged.
Treatment with exosomes that contained either GADLOR1 or 2 alone had only a minor effect
(Fig. 10m). In response to anisomycin, protein kinase phosphorylation was not different
between control and GADLOR exosomes treated cardiomyocytes (Fig. 4f). All blots shown in
Fig. 4 were also quantified (Fig. 10e-l). These results indicated GADLOR dependent
interference with adrenergic signal transduction. Increased NFAT-dependent luciferase
activity in PE stimulated cardiomyocytes after GADLOR exposition was also found (Fig. 4g).
In conclusion, uptake of endothelial derived GADLOR1 and 2 in cardiomyocytes was
observed where they decreased p38 and Akt activation, but enhanced NFAT activation in

response to PE, a pattern that was similarly detected in vivo in G2-EC-KO mice after TAC.



10

15

20

25

30

35

WO 2018/220038 49 PCT/EP2018/064226

Example 6 - GADLORSs bind the Ras-like protein TC21

1920 Because changes

It was shown that IncRNAs specifically interact with signalling proteins
in cellular signal transduction by GADLORSs wee found, it was screened for cardiomyocyte
proteins that interact with these IncRNAs. GADLOR2 coated beads or beads alone (as
control) were incubated with cardiomyocyte protein lysate (Fig. 5a). After washing, binding
candidate proteins were eluted and subjected to SDS-gel electrophoresis. Proteins that
interacted with GADLOR-beads, but not control beads were forwarded to mass-
spectrometry. As shown in Fig. 5b, several proteins of different functional classes were found
to interact with GADLORZ, but not with beads alone. Among them were multiple known RNA-
binding proteins like Argonaute-2 and hnRNPAZ2/B1, multiple ubiquitin related, structural
proteins and proteins related to vesicle formation. Two signalling proteins were identified in
the screen: the Ras superfamily members TC21 (also called RRas2) and Ral-A. Since Ral-A
was shown to be a target of TC21, it was focused on the more upstream TC21%. First, the
interaction of TC21 with GADLORs was verified by RNA immunoprecipitation in HEK293
cells transduced with TC21-myc and GADLOR1 and 2 expressing plasmids (Fig. 5c¢).
Interestingly, p38 and Akt activities were induced by an active mutant of TC21 (TC21-V23) in
control exosomes treated cells, but this was markedly blunted in the presence of GADLORSs
containing exosomes (Fig. 5d-f). Because these results implied that GADLORs modulate
TC21 dependent signal-transduction, it was hypothesized that this might be the result of
altered interaction of TC21 with its downstream target molecules (e.g. PI3 Kinase, PI3K).
Indeed, PI3K was co-immunoprecipitated with TC21 under control conditions, but this
interaction was strongly reduced in the presence of GADLOR1/2, which likely reduced PI3K
activation by TC21 and further downstream signailing (Fig. 5g-h). Thus, exosome derived
GADLORs interacted with TC21 and thereby reduced activation of p38 and Akt.

Example 7 - GADLORSs induce cardiomyopathy

To decipher the functional consequences of increased GADLOR expression during heart
failure, control, GADLOR1, GADLORZ2 or GADLOR1 and 2 containing exosomes were
administered before TAC surgery to mouse hearts by intra-ventricular injection with
simultaneous clamping of the aorta and pulmonary artery, to achieve perfusion of exosomes
through the coronary arteries (Fig. 6a). Increased GADLOR1 expression was detectable in
mouse hearts one week after GADLOR1 and GADLOR1/2 administration. GADLOR2 was
significantly upregulated upon administration of GADLOR1/2 (Fig. 6b). Decreased cardiac
function was found in mice that received exosomes containing both GADLOR1 and 2, while
for mice receiving either GADLOR1 or GADLORZ only a trend was observed (Fig. 6¢ and
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data not shown). Echocardiography in a second cohort of mice that was followed for 2 weeks
after TAC also showed reduced cardiac function as well as increased wall thickness (as sign
of hypertrophic remodeling), but no ventricular dilation (normal left ventricular enddiastolic
area, LVEDA) in response to GADLOR exosomes (Fig. 6¢-d). Molecular analysis of mouse
hearts showed increased levels of BNP (indicative of aggravated cardiomyopathy) and
increased RCAN1.4 expression (showing increased calcineurin/NFAT activation) in mice
after treatment with GADLOR1, GADLOR2 and GADLOR1/2 containing exosomes (Fig. 6e).
Analysis of p38 and Akt showed reduced activation of both kinases in GADLOR versus
control exosome treated mouse hearts (Fig. 6f-g) in agreement with what was observed in
vitro (see Fig. 4f). While these results indicated that exosomal delivery of GADLOR1 and 2 in
combination is sufficient to aggravate cardiomyopathy after TAC, it was next assessed
whether enhanced GADLOR expression is necessary for the development of
cardiomyopathy in G2-EC-KO mice. For this purpose, locked nucleic acid (LNA) modified
antisense oligonucleotides termed GapmeRs were employed, which degrade IncRNAs in a
sequence specific manner?. First specific GapmeR molecules were identified capable of
reducing GADLOR1 or GADLORZ2 in vitro and in cardiac ECs in mice in vivo (Fig. 11d-f).
TAC surgery in control and G2-EC-KO (VE-Cad) mice was performed and that were then
treated either with control or GADLOR1 and GADLOR2 targeting GapmeRs by bi-weekly
intraperitoneal administration for 4 weeks (Fig. 6h). During treatment with control GapmeRs,
increased cardiac hypertrophy and pulmonary congestion were noted in G2-EC-KO (VE-
Cad) compared to control mice (Fig. 6i). Remarkably, treatment with GADLOR targeting
GapmeRs abolished the increased cardiac hypertrophy in G2-EC-KO (VE-Cad) mice. In
addition, GADLOR specific GapmeRs improved cardiac function compared to control
GapmeR treatment in G2-EC-KO mice and ameliorated the effects of endothelial GATAZ2
deletion on p38 activation, but not on Akt activation (Fig. 6j-1). Hence, increased GADLORs
expression played a crucial role for driving aggravated cardiac hypertrophy, dysfunction and
diminished p38 activation during TAC in G2-EC-KO mice. Our findings are summarized in
Fig. 12.

Example 8 - Discussion

Capillary ECs acquire a highly abnormal morphology in advanced heart failure®®. A recent
study in dogs suggested that mechanical over-loading itself triggers de-differentiation of
cardiac ECs*. Similarly, it is demonstrate here that the endothelial signature transcription
factor GATAZ2 is downregulated by mechanical overload and that this promoted the
development of heart failure. A direct effect of ECs on adjacent cardiomyocytes was

confirmed by an in vitro co-culture model of both cell types, in which endothelial GATA2



10

15

20

25

30

35

WO 2018/220038 51 PCT/EP2018/064226

depletion aggravated cardiomyocyte hypertrophy. Endothelial GATA2 elimination in mice
was achieved by using two different endothelial Cre driver lines, whereby the VE-Cadherin-
CreER line is known to be more efficient and specific towards ECs compared to the Tie2-
CreER line®?, Accordingly, a better elimination of endothelial GATA2 in G2-EC-KO (VE-
Cadherin) mice and a stronger phenotype with increased mortality during TAC were
observed.

GATAZ2 depletion caused a markedly increased expression of GADLOR1 and GADLOR?2,
which are two previously unknown IncRNAs that were identified and named within this study.
Both are encoded on chromosome 16 in close proximity to each other and are co-expressed
in various tissues. GADLOR1 and GADLORZ2 are not part of the same transcript (data not
shown), but rather controlled by separate 5'promoter regions, which are both bound and
dose-dependently suppressed by GATAZ2. Indeed, GATA factors in general and also
specifically GATA2 can act as transcriptional repressor, for instance in conjunction with
histone deacetylases®’ .

GADLOR1 and 2 are excreted from cardiac ECs within extracellular vesicles and are
efficiently taken up by cardiomyocytes. Similarly, transfer of IncRNAs (TUC339 and linc-
ROR) within extracellular vesicles among human hepatocellular cancer cells contributes to
disease progression and resistance to chemotherapy®’. Cardiomyocytes appear to be a
prime target of extracellular vesicles, as transfer of endothelial miR146a or miR21* from
fibroblasts to cardiomyocytes within vesicles has also been described'®*'. In cardiomyocytes,
it was found that GADLOR1 and 2 bind the upstream signalling protein TC21 from the Ras
family, which was previously linked to PI3K and subsequent p38 and Akt activation?'. Binding
of GADLORs prevented interaction of TC21 with its direct downstream target PI3K and
activation of p38 and Akt. Since both GADLORs were induced in GATA2 knock-out mice,
most of the experiments were performed with the combination of GADLOR1 and 2. Indeed,
the combination of both IncRNAs was more potent to influence signalling in cardiomyocytes
and to induce heart failure compared to the administration of either IncRNAs alone. How both
GADLORs act together and whether they form dimers will have to be the subject of future
studies.

Protein binding by IncRNAs is commonly part of their mechanism of action®**, for instance
during recruitment of epigenetic factors to certain DNA regions®. It was recently
demonstrated that IncRNAs bind cytosolic signalling molecules and thereby modulate signal-
transduction'®®’. Here, a new paradigm is established, whereby IncRNAs efficiently act on
signal-transduction in neighbouring cells: According to this exemplary mechanism, ECs are
able to attenuate intracellular stress signalling within a given tissue through paracrine
transfer of GADLOR IncRNAs, perhaps in order to synchronize signalling responses between

adjacent cells. Although modulation of cardiomyocyte stress-signalling by endothelial
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GADLORSs may be desirable to a certain extent, pronounced GADLOR expression clearly
triggers heart failure, which will at least in part be the consequence of reduced p38 and Akt
and enhanced calcineurin activation: Cardiomyocyte specific genetic deletion of p38 or
general deletion of Akt1 in mice aggravated cardiac dysfunction after TAC*>%*. p38 has been
identified as negative regulator of calcineurin/NFAT signalling in the myocardium®’, therefore
enhanced activation of myocardial calcineurin in G2-EC-KO and GADLOR treated cells or
mice is likely the consequence of diminished p38 activation. Activated calcineurin/NFAT
signalling, in turn, was shown to induce heart failure®.

Increased levels of GADLOR1 and 2 in heart failure patients suggest that our findings are
transferable to humans. Therapeutic strategies could be developed to reduce GADLOR
expression and halt progression of the disease in patients. Our endothelial GATA2 mutant
mice are a useful model to develop these strategies: Indeed, combined experimental ablation
of both GADLORSs ameliorated cardiac hypertrophy and heart failure in G2-EC-KO mice. This
is in line with recent studies suggesting IncRNAs as valuable therapeutic targets in heart
failure®**°. Because circulating exosomal IncRNAs are useful as biomarker, this is expected
to apply also for the GADLORSs, which were found increased in serum of heart failure

patients*®7.
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Reagents, Mice or Software Source Identifier SEQID
NO
Antibodies
Anti-CD31 BD Pharmingen 553370
Anti-CD102 BD Biosciences 553326
Anti-CD146 Miltenyi Biotech 130-092-007
Anti-a-actinin Sigma-Aldrich A7811
Anti-myc Cell Signalling 2276
Anti-phospho-Akt Cell Signaling 9271
Anti-total-Akt Cell Signaling 9272
Anti-phospho-38 MAPK Cell Signaling 9211
Anti-total-p38 MAPK Cell Signaling 9212
Anti-phospho-ERK1/2 Cell Signaling 9101
Anti-ERK 1/2 Cell Signaling 9102
Anti-phospho-SAPK-JNK Cell Signaling 9251
Anti-total-SAPK-JNK Cell Signaling 9252
Anti-GATA2 Abcam ab109241
Anti-PI3 Kinase p85 Millipore 06-195
Anti-TC21/R-Ras2 R&D Systems AF3605
Anti-actin Sigma-Aldrich C6198
Anti-Rabbit/Mouse IgG Alexa Fluor® New England 4412
488 or secondary antibody Biolabs
Anti-Rabbit/Mouse IgG Alexa Fluor® New England 4409
555 secondary antibody Biolabs
Chemicals
Lipofectamine 2000 reagent Invitrogen 11668-027
Phenylephrine Sigma-Aldrich P6126
ExoQuick-TC™ exosome precipitation SBI System EXOTC50A
solution Biosciences
Sodium nitroprusside dihydrate Sigma-Aldrich 71780
Green fluorescent dye PKH67 Sigma-Aldrich MINI67
Passive Lysis Buffer Promega E1941
Trifast reagent Peglab 30-2020
Protein A/G PLUS Agarose beads Santa Cruz sc-2003
Biotin RNA Labeling Mix Roche 11685597910
T7 RNA polymerase Roche 10881767001
Streptavidin agarose beads Millipore 16-126
Normal mouse IgG Santa Cruz sc-2025
Normal goat IgG Santa Cruz sc-2028
TRITC-conjugated wheat germ Sigma-Aldrich 15266
agglutinin (WGA)
Isolectin B4 Vector Laboratories | FL-1201
Mounting Medium with DAPI Roth HP20.1
Tamoxifen Sigma-Aldrich T5648
Critical Commercial Kits
AdEasy Adenoviral Vector System Agilent 240009

Technologies
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NucleoSpin RNA 1 kit Macherey Nagel 740955250
RNeasy mini kit Qiagen 74104
Maxima H Minus First Strand cDNA Thermo Scientific EPO751

Synthesis Kit

Maxima SYBR Green qPCR Master Mix | Thermo Scientific K0253

Whole Mouse Genome Microarray Agilent G4122F
4x44K

Tissue scan Normal Tissue qPCR OriGene MNRT301
Arrays Technologies

PCR purification kit Thermo Scientific K0701
ChlP Assay kit Merck-Millipore 17-295
Magna RIP™ RNA-Binding Protein Merck-Millipore 17-700

Immunoprecipitation Kit

Experimental Models: Cell Lines

HEK293 Leibniz Institute Cell Line 293
DSMZ ACC: 305
NIH3T3 ATCC CL-173
C166 ATCC CRL-2581
COS-1 Laboratory of Kai C. | N/A
Wollert

Experimental Models:
Organisms/Strains

Mouse: GATA2"xox Laboratory of Sally | N/A
A. Camper

Mouse: Tie2ER“Cre Laboratory of Bernd | N/A
Arnold

Mouse: Cdh5(PAC)-CreERT2 Laboratory of Ralf H. | N/A
Adams

Mouse: GATA2"™""* x Tie2-CreER Provided herein N/A

Mouse: GATA2""* x VE-Cadherin- Provided herein N/A

CreER

Mouse: C57BL/6 The Jackson JAX: 000664
Laboratory

Recombinant DNA

Vector: pGL2 basic Promega E1641
Plasmid: pGADLOR1-Luc Provided herein N/A
Plasmid: pGADLOR2-Luc Provided herein N/A
Plasmid: RRAS2 Addgene 38816
Vector: pShuttleCMV Agilent 240007
Technologies
Plasmid: pshuttleCMV-TC21-myc Provided herein N/A
Plasmid: Myc-tagged TC21-V23 Laboratory of Rosario et al.,
Christopher J. 2001
Marshall
Adenovirus expressing B-Gal Previous work Froese et al.,
2011
Adenovirus expressing Cre Previous work Froese et al.,
2011
Adenovirus expressing GATA-luc Previous work Froese et al.,

2011
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Adenovirus expressing NFAT-luc

Previous work

Heineke et al.,
2010

cDNA clone AK037972

Source BioScience

ID
A130068D08

cDNA clone AK038629

Source BioScience

ID
A230051L22

Human GATAZ2 cDNA clone

Open Biosystems

BC006793

Plasmid: pshuttleCMV-GATA2-myc

Provided herein

N/A

Adenovirus expressing myc-tagged
human GATA2

Provided herein

N/A

Sequence-Based Reagents

LNA long RNA GapmeR scramble
control: 5-AACACGTCTATACGC-3

Exigon

500175

19

LNA long RNA GapmeR targeting
GADLOR1: 5-TGCAAGATGATTGAGA-
3

Exigon

500175

20

LNA long RNA GapmeR targeting
GADLORZ2: 5’ -TCAAGGATAGAGGTT-
3

Exiqon

500175

21

gPCR primers for mouse Gapdh: 5'-
CCGCATCTTCTTGTGCAGT -3 and 5°-
CATCACCTGGCCTACAGGAT -3’

Provided herein

N/A

23,24

gPCR primers for mouse B-MHC: 5°-
AGGCAAGGCAAAGAAAGGCTCATC -
3 and 5°-
GCGTGGAGCGCAAGTTTGTCATAA -
3

Provided herein

N/A

24, 25

gPCR primers for mouse a-MHC; 5°-
ACTGTGGTGCCTCGTTCC -3"and 5'-
GCCTCTAGGCGTTCCTTCTC -3’

Provided herein

N/A

26, 27

gPCR primers for mouse SERCA2a: 5°-
ACGTGCCTGGTGGAGAAGATGAAT -
3 and 5'-
ATCTTGCTCATGGATGTCCGGCTT -3

Provided herein

N/A

28, 29

gPCR primers for mouse Gata2: 5'-
GCACCTGTTGTGCAAATTGT -3" and
5- AGGGCGGTGACTTCTCTTG -3°

Provided herein

N/A

30, 31

gPCR primers for mouse BNP: 5'-
CTCAAGCTGCTTTGGGCACAAGAT -
3"and 5'-
AGCCAGGAGGTCTTCCTACAACAA -
3

Provided herein

N/A

32, 33

gPCR primers for mouse RCAN1.4; 5'-
GCTTGACTGAGAGAGCGAGTC -3’
and 5°-
CCACACAAGCAATCAGGGAGC -3’

Provided herein

N/A

34, 35

gPCR primers for GADLOR1: 5'-
TTACATGGTTCCCTACCCAGACCA -3’
and 5'-
GGGTGGCATGCAAGATGATTGAGA -
3

Provided herein

N/A

11,12

gPCR primers for GADLOR2: 5'-
AGGACTTGCAGGGACTCACA -3" and

Provided herein

N/A

13, 14
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5- TCAATAGCCATTCAGTTTTCAA -3’

gPCR primers for mouse specific
GADLOR1: 5°-
AGCTTGGGCAAACTCCTTA -3 and 5'-
GAAGTCTTAAAAATGCATGGC -3

Frovided herein

N/A

15, 16

gPCR primers for mouse specific
GADLOR2: 5°-
CACAGTGTGTCATATTTTGCA -3" and
5- CAAAGGAACACCTTCATAGC -3’

Provided herein

N/A

17,18

ChIP assay primer 1 for GADLOR1:; 5°-
CAATTACAAACACTGAAGTAACAATTT
-3"and 5'-
GCCCTCTTCTGGCCTCTAAA -3’

Provided herein

N/A

36, 37

ChIP assay primer 2 for GADLOR1: 5'-
GGCTGAGCCATTTCATCTCT -3 and
5- TATCCACGTGCACTCACACA -3

Provided herein

N/A

38, 39

ChiP assay primer 3 for GADLOR1: 5'-
ATTTGTTCGGTTTGGCAATG -3" and
5- GACGGCTCAAGAGGTAAGCTA -3’

Provided herein

N/A

40, 41

ChIP assay primer 4 for GADLOR1: 5°-
GAGACAGGCACCCAGAAGAC -3" and
5’- CACACCCCTCTTTTGCTTTC -3

Provided herein

N/A

42, 43

ChlP assay primer 5 for GADLOR1: 5°-
CTCACCTCTTCCTGGCTCAC -3" and
5-TCCCTTTTCCATTCCTCTCA -3°

Provided herein

N/A

44, 45

ChIP assay primer 1 for GADLOR2: 5°-
TTCCTTGCTGGGTATCTTGG -3” and
5- GCCCTCTTCTGGCCTCTAAA -3’

Provided herein

N/A

46, 47

ChiP assay primer 2 for GADLOR2: 5°-
CGTGGCAGCAAGTTAAATCA -3 and
5- CTGTGGCAGTGTTGCCTCTA -3’

Provided herein

N/A

48, 49

ChIP assay primer 3 for GADLOR2: 5°-
TTTGCATTTCTGATACTTACTGGA -3°
and 5- CGAGGTCATTGAAATCGCTTA
-3

Provided herein

N/A

50, 51

ChlP assay primer 4 for GADLORZ2: 5°-
GGAGACCGAGATCAAGCAAA -3" and
5- TGGTCCTTTGAACCCTCATT -3’

Provided herein

N/A

52,63

ChlP assay primer 5 for GADLOR2: 5°-
TTGAAGATGTTGCAAACAAGAA -3’
and 5'- AGGTGAAGTGGGATTTGTGC -
3

Provided herein

N/A

54, 55

RIP assay primer for GADLOR1: 5~
TTACATGGTTCCCTACCCAGACCA -3°
and 5'-
GGGTGGCATGCAAGATGATTGAGA -
3

Provided herein

N/A

56, 57

RIP assay primer for GADLOR2: 5°-
AGGACTTGCAGGGACTCACA -3" and
5- TCAATAGCCATTCAGTTTTCAA -3’

Provided herein

N/A

58, 59

Software and Algorithms

Graph Pad Prism 6

Graph Pad software

N/A

Feature Extraction Software v10.7.3.1

Agilent

N/A
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Limma Bioconductor N/A
Quantity One Bio-Rad N/A

Table 2 - Clinical characteristics of the patients undergoing implantation of a left

ventricular assist device (LVAD)

Data are displayed as mean £ SEM or in % of all patients as indicated. NYHA indicates New

York Heart Association Class.

LVAD Normal values
N=19
Age (years) 59.7£10.9
Sex (M/F, %) 94.7/5.3 R
Echocardiography Y
Ejection fraction (%) 18.9+4.9 >55
Septum thickness (mm) 29.4134.8 <11
Serum
Creatinine (umol/l) 132.6+73 59-104
Clinical Classification
NYHA | [% of all patients] 0
NYHA Il [% of all patients] 0 15
NYHA [l [% of all patients] 35.7
NYHA |V [% of all patients] 64.3

Table 3 - Clinical characteristics of the patients with aortic stenosis.

Data are displayed as mean + SEM or in % of all patients as indicated. NYHA indicates New

York Heart Association Class.

Aortic stenosis

Normal values

N=24
Age (years) 79.5+2.2 A
Sex (M/F, %) 96/4 <7
Echocardiography
Ejection fraction (%) 30+£12.6 >55
Septum thickness (mm) 13.8+4.2 <11
Serum
Creatinine (umol/l) 136.6+9.1 59-104
Clinical Classification
NYHA | [% of all patients] 12.5 3U
NYHA Il [% of all patients] 16.7
NYHA Il [% of all patients] 58.3
NYHA IV [% of all patients] 12.5
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CLAIMS

A compound inhibiting the expression and/or the activity of a long non-coding RNA
(IncRNA) selected from GADLOR 1 and GADLOR 2 for use in treating or preventing
cardiac remodelling, wherein GADLOR 1 comprises or consists of a nucleic acid
sequence selected from the group consisting of SEQ ID NOs 1 to 3 and sequences
being at least 75% identical thereto, and GADLOR 2 comprises or consists of a nucleic
acid sequence selected from the group consisting of SEQ ID NOs 4 to 6 and sequences
being at least 75% identical thereto.

The compound for use according to claim 1, wherein the cardiac remodelling is Heart
Failure with preserved Ejection Fraction (HFpEF), Heart Failure with reduced Ejection
Fraction (HFrEF), myocardial infarction related cardiac remodelling, a genetic cardiac
disease associated cardiac remodelling, cardiac hypertrophy and/or cardiac dysfunction
related cardiac remodelling.

The compound for use according to claim 2, wherein the cardiac hypertrophy is
ventricular hypertrophy, preferably left ventricular hypertrophy, and/or wherein the

cardiac dysfunction is ventricular dysfunction, preferably left ventricular dysfunction.

The compound for use according to any one of claims 1 to 3, wherein the compound
inhibiting the expression and/or the activity of the IncRNA is a small molecule inhibitor, a

nucleotide-based inhibitor or an amino acid-based inhibitor.

The compound for use according to claim 4, wherein the nucleotide-based inhibitor or
amino acid-based inhibitor is an aptamer, a ribozyme, a siRNA, a shRNA or an
antisense oligonucleotide and the amino acid-based inhibitor is an antibody or a protein

drug.

The compound for use according to claim 5, wherein the nucleotide-based inhibitor

comprises

(a) a nucleic acid sequence which comprises or consists of a nucleic acid sequence
being complementary to at least 12 continuous nucleotides of a nucleic acid
sequence selected from SEQ ID NOs 1 to 6 or a sequence being at least 75%
identical thereto,
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10.

(b) a nucleic acid sequence which comprises or consists of a nucleic acid sequence
which is at least 70% identical to the complementary strand of one or more
nucleic acid sequences selected from SEQ ID NOs 1 to 6,

(c) a nucleic acid sequence which comprises or consists of a nucleic acid sequence
according to (a) or (b), wherein the nucleic acid sequence is DNA or RNA,

(d) an expression vector expressing the nucleic acid sequence as defined in any one
of (a) to (c), preferably under the control of a myocardium-specific promoter
and/or cardiac endothelial cell-specific promoter, or

(e) a host comprising the expression vector of (d).

The compound for use according to any one of claims 1 to 6, wherein a first and a
second compound is used, wherein the first compound inhibits the expression and/or the
activity of the IncRNA GADLOR 1 and the second compound inhibits the expression
and/or the activity of the IncRNA GADLOR 2.

A method for diagnosing cardiac remodelling in a patient, comprising

(a) detecting the expression level of one or both INcCRNA(s) selected from GADLOR 1
and GADLOR 2 as defined in claim 1 in a sample obtained from said patient, and
optionally

(b) comparing said expression obtained in (a) with the expression level of said
IncRNA(s) in a sample obtained from at least one healthy subject or with a
predetermined standard that has been obtained from a sample of at least one
healthy subject, wherein

a greater than 1.5-fold upregulation of the is indicative for cardiac remodelling in the

patient.

The method according to claim 8, wherein said sample is a heart tissue sample or a

blood sample.

The method of claims 7 or 8, wherein the detection of the expression level of the IncRNA
comprises

(a) quantitative PCR, preferably quantitative real time PCR, or

(b) a template/RNA amplification method followed by determining the expression level

of the IncRNA using a fluorescence- or luminescence-based quantification method.
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11.

12.

13.

14.

15.

A kit for diagnosing cardiac remodelling in a patient, said kit comprising means for the
detection of the expression level of one or both IncRNA(s) selected from GADLOR 1 and
GADLOR 2 as defined in claim 1, and instructions how to use the kit.

The kit of claim 11, wherein the means are primer pairs used for the specific detection of
the INcCRNA(s) selected from GADLOR 1 and GADLOR 2.

A method for producing a non-human animal model for heart failure comprising
(a) the administration of the IncRNA of GADLOR 1 and/or GADLOR 2 as defined in
claim 1 to the myocardium of the animal; and

(b) the induction of pressure overload in the myocardium of the animal.

An non-human animal model for heart failure that has been produced by the method of

claim 13.

The IncRNA of GADLOR 1 or GADLOR 2 as defined in claim 1.
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