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1
METHOR FOR IDENTIFYING A SUBJECT AT RISK OF DEVELOPING HEART FAILURE BY
DETERMINING THE LAVEL OF GALECTIN-2 OR THROMBOSPUNDIN-2

The present invention relates L0 a method for
identifying a subjesct at rigk of developing hypertensive end
organ damage, such as congestive heart failure.

Congestive hesrt falluve (HF) ig a commnon but severs
and complex clinical syndrowme, especially awong elderly
people, characterized by a dimindished cardiac contractile
funciion and decreassd exercise tolerance, resulbting in a
cradual detoriation of the patient often leading to
cardivvascular mortalicty. Thus, a large numher of patients
die within ome to five years after diagnosis. However,
alrhough an ilwmpoxtant marber of patients progress to develop
life threstening complicavions, other may remain siable for
prolonged periods.

As early identification of patients at risk for
developing hypertensive snd organ damage, such as heart
faillure, way prevent rapid progression, it would be
preferable to be akle to identify those patients in which
heart fajilure is likely to ocour before it actually dees so.
in adddition, it would be preferable to be able to identify
rhose patients suffering fyom heart fallure who are gt risk
For developing severs complications.

Current methods can reliably exclude heart failure,
bul cannot reliably prove the sxistence of heart failure, nor
can they predict the cutcome of established heart fallure, or
require axpensive eguipment and specifically trained
perscnnel to do g0,

A nesed therefors exdsts for a simple and reliable
method for predicting the likelihood of onzset of heart
failure and for predicting the outcome of already established

heart fallure.
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The abisct of the present lnvention is bo provide a
methed by which patients can be identified who ars at
particular risk of developing hypertensive end vrgan damage,
sich as heart fallure, or who are ab particular zisk ro
develop complications of hesrt fsilure. After identification,
these patlents may for example be treated before heart
failure or itz complications occur, which would be of great
clinical importance,

Thig is achieved by the lvvention by providing a
methad for ddentifying a subject at risk of developing
hypertensive esnd organ damage, compriging the steps of:

(@) cbiaining a biclogical sample of said subject;

(b} determining the level of at least one non-myocyvical
markar in sald sample;

(¢} comparing the level of sald marker to a standard
level; and

{d} determining whether the level of the marker is
indicative of a risk for developing hypertensive end organ
damage.

In the research that led to the prasent invention
specific markers were identified that can be used to pradiat
which hypertrophied hearts are prone to failure.

it is generally known that hypertension causes
cardiac hypertrophy, which is one of the wmos: important risk
factors for heart failure. However, not all hypertrophied
hearcs will ultimately fail. These observations suggest that
additional mechanisms, besides those that cause hypertrophy,
are recruited during the progression fLrom compensated cardiac
nypertrophy to failure. Although recent studies have reported
many melecular and celliular changes underlying cardiac
hypertrophy (Lorell BH et al., Circulation 102: 470-479,
2000; Panidis et al., J Am Coll Cardiol. 3: 1309-1320, 1984},



(28) JP 2010-279378 A 2010.12.16

3

the addiciconal factors that contribube to heart failure have
remained unclear until now.

Boluyt and co-workers have for example documanted the
upregularion of genas encoding extracellular mabtrix {ECM)
components in spontaneousgly hypertengive rabs {8¥R)} with
heart failure {(Boluyt et al., Cardiovasc Res. 46: 2313-249,
2000; Hygpertension 30: 1362-1368, 1887; Cardiovasc Res. 30:
B36-84G, 1995; Bur Heart J. 16 suppl. N: 18-30, 1985}.
However, it is not clear whether the overexpression of these
genes precsded the overt clinical syndrome of heart failure
or whether their coverexpression was rather a congeguence of
an established process of active failure.

Several ocother unbiased approaches have also been
employed to identify wechanisme gpacific for hesrt failure
{Korstin & et a&l., Circ Res. 53: Ti5-724, 2003; Hein § et
al., Circulation 207: $84-901, 2003}. In addition, recenat
studies have suggestsd that immune mechanisms ave
specifically activared in falling hearts [Vasan BR =t al.,
Circularion 107: 1485-1481, 3003},

However, these previcus studies often compare ernd-
stage and drug-treated myocardium with normal wmyocardium.
Therefore, the differences cohfained may be secondary to
failure and its treatment and such studies thus do not
identify the Efactors that may lead to the failure of a
compensated hypertrophied heart which may be used as a marker
to identify patlients at risgk.

In the research that led to the present invention,
the gene expression profile of a large nunber of genes from
failing hypertophied hearts was comparsd with hypertrophied
nearts that had remained compensated. Thus, genes were
identified that were differentially expressed ip falling
varsus compensated hypertrophied hearts. In particular, the

present invention is based on the finding that particular
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non-myocytical geneg are abnormally exprassed in diseased
heart tissue (Exeawmple 1 and 2}.

Aocording to the present inventilon use lg made of
non~myocytical markers. That is, markers thab are derived
from cells other than cardiac myocytes. This has the

advantage thabt the method of the inveniion “probes* other

ol

rocesses than the koown wmyocric changes that ocour in

stressad myocytes. s opens the opportuniny to not only

diagnose heart failure, but alsoc to continuously monitoxr

patients with known heart f

ure, i.e. wonitoring whether
adverese non-myocytlc processes {e.g. inflammation, scarring
etc.) ocour that may herald wajor adverse eventa.

ceording to the wethod of the preseni invention a
biclogical sample is taken from an individual patient.
Suksequently, the level of one or more markers in sald sample
ig measured by well-known technigues. Typlcally, the level is

compared with a

andard level to determine whether the level
of rthe marker is indicative of the potential of the
individual to progress to heart fallura. The srtandard level
is based on the level of said wmarker in healthy subjects. If
the level of the marker is elevated cowmpared vo rhe standard
level, the subject is at risk for developing CHF or
developing complications of heart failure.

The biclogical sample may be any sample of body
fluid, such as blood, plasma, serum, urine etc., or tissue
sample such as a cardiac biopsy. According to a preferred
erbodiment of the inventicn, however, the bicologiral semple
is a plasma sample derived from peripheral blood. Peripheral
blood samples can easily be taken frowm the patiemts and do
not need complex invasive procedures such ag catheterization.
The biclogical sample may be processed according to well-

known technigues to prepsrs the ssmple for testing.
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According to a preferved embodiwent of the invention,
the werker i1s & protein. The level of proteins can easily be
determined by simple and reliable wmethods, such zs
immunological methods using specific antibodies agsinst the
proteins.

Preferably, the protein is galectin-3, as the lesvel
of galectin-3 has been dewonstrated to be sarly and
specifically expressed in failure-prone heavis.

According to ancther preferrved sombodiment of the
inventicn, the protein is throwbospondin-2. It has been
demonstrated that ingrsased cardiac expression of T&P2
identifies those hypertrophised hearts that are prons to
progress Lo overt heart fallure.

The level of the markers may be determined by a any
well-knowo suitsble method. Preferably, the level of the
marker is wmeasured by an enzyme-linked lomunosorbent assay
(BLI5A), thus providing a simple, reproducible and reliable
method.

The present invenbion further relates bo the use of
one or more aon-myocytical markerxs for identifving a subject
at risk of developing hypertensive end organ damage, such as
congestive heart failure. Several non-wyccoytical markers may
pe used according to the invention. Preferably, the marker is
galectin-3, and/or throwsospondin-2.

The markers identified according to the prasgent
invention way further be used in the prevention and/or
treatment of hypertensive end organ damage, in partilowiar for
the prevention and/or treatment of congestive heart failure.
For example, inhibition of galectin-3 by for exemple
antibodies, and/or activation of T8P-2 by suitable modulators
may be beneficial for preventing the cccursnce of heart
failure. The present invention therefore further relates to

=

the use of galectin-3 and/or modulators thereof for the

2010-279378 A 2010.12.16
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manufacture of & medicawment for the preventfion and/or
trgatment of hypertensive end organ damage. The invention
further relatss to the use of thrombospondin-2 and/or
modulators thereof Zor the manufacture of a medicament for
rthe prevention and/or treatment of hypertensive snd organ
damage -

The present invention dis further illusirated by the
following Examples and Figures.

Figure 1 ls & flow-chart showing the steps for the
implementation of previcusly reported stabistical protocols
znd the comprehensive cutoff points for data wmining.
Multistep data filtering narrowed the numbers of
differentcially expressed genes in heart faillure susceptible
rats down o 4%. HF-8, heart fallure-susceptible rabs; EST' s,
extendsd ssquencs Legs.

Figure 2 ghows the vesulis of real time PCR to
guantify the expressicn of mBNA transcripts of four selscted
genes in myocardial biopsies taken from 1¢-week old rats, (a)
TEP2 was significantly overexpressed in those rats that later
prograssed to rapid cardiac decompengation compared to thoss
that remained compensated for the study pericd of 17 weeks,
(b} Ostecactivin expression, {¢} Collagen VI expression, (d)
Expregsion level of braln natyiurebic peptlde. The data were
nermalized to the house Keeping gene, oyeiophilin. Comp,
compensated; Decom, decompensated. *, p <0.01 compensated
versug decompensabted groups; #, p  <0.05 8D versus Ren-2
rats; n o= & each group.

Pigure 3 shows the percentage survival of mice
following inducticn of myogardial infarction. ALl tha T8P2-
aull mice {dotted line} died within 72 hours after surgery
{n=16). Exciuding immediate pogtoperative death, no mortality

wag observed with wild-type {(g0lid line) mice {(n=22).
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Figure 4 iz a bar diagram showing the results of the
densitometric analysis of myocardial collagen content on day
0 and 48 hours post MI (10 random fields per section). TEP3I-
mull mice failed to wount 2 reactlve fibrosis 48 hours after
MI compared to wild-type mice. ¥, p«<0.01, wild-type vs null
straing 48 hours post MI; ¥, p<0.0Ll, day O veg 48 hours post
MI in wild-type mice.

Figure 5 shows photo- and electron micrographs of the
infarcted lefr ventricular wall. Haemaboxyline/Eosin stained
section showing intact meirix around the blood vessel with no
evidence of interstitisl haemorrhags in wild type mice (a&).
Extensive tissue destruction and interstitial bleeding (*)
in TSPV mice (b). Electron wmicrooraphs from the infarcted
left ventrioular wall (wild-type strain} {c}. Note relatiwvely
well maintained vasculary and matrix architecture. Sesctions
from TSEZ2-null mice showed widespread damage of the

myocardial matrix and haemorrhage {(*) in intersrtivial areas

Figurs & shows the haemodynanic parameters of HF-5,
HF-R and ARB treated rats. Haemodynamic ageeggment of Ren-2
transgenic rate with and without ARB (0.05 wg/kg/day
candesartan from 7-11 weeks) administration. A, LVW/BWI{%)}, a
repregentative measurement of left wentricular hypertrophy.
B, LW/BW{%), indicated the development of congestive heart
failure and, €., LVEDP shows the extent of diastolic
dysfunction. Both HF-F and HF-E animals had lefi ventricular
hypertrophy. High fibrosis-score animals had higher LW/8W and
LVEDP. The paramaters were measursd before the sacrifice. N=4
each for HF-E and HPE-R and 8 for ARE. *, P «<0.08 in HF-8 vg
HF-R and ARB.

Figure 7 shows the results of laft ventricular
collagen volums fraction analysis of pleresirive red stained

sections of ratbt myocardium. The bar diagram shows the
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gusntification of LV interstitial collagen. 1, control; 2,
HF-R; 3, HF-8; 4, ARB. W= 4 -6 each group; #, P < 0.01 vs
control; *, P o< 0.08 HE-8 wvs HF-R; **_ B <0.08 in HF-R vs 8D.

Figure 8 shows a dot blot of differentially expresssd
genes in Ren-2 ratbs. Calectin-3 wiNA level was compared among
HF-8, HF-R and ARR treated group of rabs. Density and
diameter of the dots corresponds directly to the level of
gene expressicn compared to S0 controls. A, FPhsopho-imager
scenned images from HF-8, HF-R and ARBR treated rats
respectively. The circled dots represent galectin-3 miRNA
expregsion. B, Bar diagram showing the amount of galectin-3
gquantified in demnsitometric units. N=2, sach group and each
sample was gpotted in duplicates.

Figure ¢. Iwmuncoblor for galectin-3, coyelin DY and
H2F-1. Expression levelg in rat wyocardial homogenates of
galectin-3: Al, representative blot; A2, guantification in
densitometric units normalized to GAPDH; cyolin Di: BI,
representative blot; B2, gquantification in densicometric
units normalized to GAPDH.

Figure 10 demonstrates the imounochistochemical oo-
localization of galeciin-3, macrophages and MHEC-I1T. Parallel
sections obtained from the nyovardive of HF-8 rats stained
with &, anti-galectin-3 mouse menoclonal antibody
counterstained with hematoxyline: B, wacrophage specific
anti-CLes mouse wonoclonal antibody; ©, OX-& mouse monacional
antibody against MHC-II antigen. A different microscoplic
field showing dense infilltrarion of macrophages, D.
Maorophage infiltration in HF-R animals was sparsly seen ()

:

end well preserved myocardial morphology in SR controls, ¥.
Figure 31. Electre- and Echocardiographic assesment
of LVH and HY in human subiects and quantitabive real-time

PCR to asgess wyocardial galectin-3 gens expression.



(34) JP 2010-279378 A 2010.12.16

9

A, Left wveniricular hyperbrophy assessed by Skowlow
and Lycon criteria (8V1aRVS =35 mm) . EF of less than 55% is
congidered a decompsnsated state. B, Real-time PCR using
human galectin-3 probe. Galectin-3 gene expression profiled
in human myocardial biopsies. The results were normalized to
house-keaning gene, cyelophilin, N=€, =, P « 0.05 HF wvas LVH.

Figure 12 shows galeciin-3 mRHA sxpression in 10-week

biopsieg.
EXAMPLES
EXAMPLE 1

Thrombhogspondin-2: dincressed expression identifies failure-

prone cardiac hyvpertronhy

Cardiac hypertrophy increases the risk of heart
failure (HF), bubt, so far, it has peen is difficult to
predict which hypertrophied myorardium will progress rapidly
to HP. Acceording to the present ipvention it was reasoned
that, apart from hypertrophy-related genes, distinect failure-
related genes are expressed before failure is apparent, thus
parmitting molecular prediction of hypertrophied hearts
liable to Yail. Cardiac gene expression {12,334 clones) of
nypertensive homozygousd renin-overexpressing (Ren-2) rats
chat progresssd to HF at 12-14 weeks of age, were compared
with expraseion by littermates that remained compensated for
17 weeks. Cardiac biopsiss taken at the stage of compensated
hypertrophy {10 weeks of age) allowed the inventors teo test
whether altered expression of identified genes preceded later
progresgion to HE. 4% genes thatb wers overexpressed in the
myccardium of HF rats were identified, of which mabrix genes
conpeiged the largest group. Thrombospondin-2 (T8P2) was

selectively overexpressed only in biopsies from rats that
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later progressed to #F, while brain natriuretic peptide (BNE]
wag, at thig early stage, elevated in all rats. To test the
@ffacts of abmence of TEP2 on the cardiac¢ mairix, myocardial
infarction {MI) was induced in T8E2Z-null mice; this procedure
regulted in cardlac rupture in all TEPZ-null wics, but in
none of the wild type (WT) mice. In conclusion, TSP2 was
dldentified as a novel and crucial regulator of the integrity

of cardiac macrix.
Materials and Methods

Transgenic rats and bemodynamic studies

Homosygous Ren-2 rats were obtalned from the Max-
Delbrick-Zentrun £ir Meolekulare Medizin, Berlin, Germany. 39
male Ren-2 rats on a Sprague Dawley (8D} background angd 9
age-matched 8D rats as controls were studied. Of 30 Ren-2
rats, 8 were sacwificed at 10-wseks of age and § were trsabed
with 0.05 we/kg/day of candesartan, an anglotensin I1
raceptor type I blocker (ARB), from 7-13 weeks of age. 0Of
the remaining 314 untreated Ren-2 rats, & were sacrificed at
13 wesks upon the development of clinical signs of heart
failure and degignated as HP-8 rats. The remaining & Ren-2
rats were closely monitored and were sacrificed at 17 weeks
when clinicel signs of failure had not yet appeared. These
rats were designated as HF-R ratg. Hemodynamic parameters
were determined before sacrifice and heart, lung and body
walght were wmeasured after the sacrifice. The procedure for
carve and btreatwent of animals was approved by the

instirutional animal care committee.

Biopsiesg from 10-week Ren-2 rats
A sacond group of 12 Ren~-2 and 4 8D rabts were

anegthetized and the anterior thorax was shaved at the
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sternum. The rats were fixed to a hard board on top of a
warming pad with the help of self-made loops. A blunt 20-
gauge needle was placed in the trachea £o serve as a trachsal
cannula. The cannula was connected to a volume-cyeled rodent
respirator (model 683, Harvard Apparatus, South Natick, MA)
on room air with a ©idal volume of 2.5 to 3 wl and
regpiratory rate of 80 breaths/min. Purther procedures were
done with visual help of a micro-dissecting microscope. A B
mn incigion ab rChe lefr 4™ inrercostal sgpace was made to
accegs the thorax. After having a clear view of the heart, a
hiopsy was taken using a custom-made 0.35 mn needle connscted
to a slowly robating drill. The whole procedurs lasted
approdimately 15 minutes. Of the 2 Ren-2 rats that survived
the operation, 5 developed heart failure between 12-14 waeks
of age whereas the remaining four rats stayved compensated

until 17 wesks.

RNA isclation and reversge transcription

RHA was isolated from left ventricles with an RNeasy
Mini Kit, fellowing the RW¥easy Minl Protocol [(QIAGEN, Eilden,
Germany}, and storsd at ~80°C, The guality of the extract was
meagured using the Bukaryote Total RNA nano-assay in a 2100
Bicanalyser {Agilent Technologles, Amstelveen, The
Nethegrlands). RNA was isolatsed from 10-week rabt heart
biopsies with the PlcocPurs RNA Isolation it {Arcturus, CA,
Usa ), according to manufacturer’s instyuctions. The RNA was
trangoribed into cDNA with reverse transcriptazse, uging 250
ng of random primers {invitrogen Life Technologies, Breda,

The Netherlands).

C¢DNA microarrays
cDRA clones isolated from a normalized rat oDRA

library were chosen fov analvsis on microarrays using an
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Incyte GEM-2/CGEM-3 rvat ¢DMA library (total 12,338 genes).
PCR-amplified insercs of esach cONA wers printed ag high-
density arrays on treated glass surfaces. Duplicate
hybridizations were performed on thess arrey elements with
twa 80 and six Ren-2 rab wmyocardial mRNAs at 3 different time
polnts. Log tyansformstlon of rhe values was done in order to
homegenize the data, and only differsnces in expression of
=1.7 fold were considered differsncially expressed. The
protocol for data wining and validation was adopred, ag
detailed previcusly (Tan =t al., Proc Natl Acad Sci. 93:
11387-11382, 2002; Bandman et al., Ann NY Acad Bci., 27%5: 77-
90, 2002).

Sequencing, mewbrane spotting, and cDNA hybridization for
MACLOArray

Clones of the differentially expressed genes
identified by wmicroarray were obtained from Incyte genomics
and sequenced with a §' -GGTGACACTATAGAAGAGC-3' primer
{Eurogentec, Seraing, Belgium). Rfter confirming the identibty
by sequencing, the plasmid inserts were amplified by a PR
reaction with 5’~ACCATG§TTACGCCAAGCTC~3’iénd it-
ACGACGGCCAGTGAATTGAA“S: primers. Hach clone was then spotied
in duplicate on nylon membranas {macroarray!. The dot hlots
ware scanned with a pereconal fx-phospho imager (Cyclone
Bystem Packard, Meriden, O, UBA). Individual hybridisation
signals were identified and guantified densitomebrically
using Quantity One, Version 4.2.3 software (BioRad, Munich,
Germany) . Glyceraldehyde-3-phosphate dehydrogenase (GAPDH}
wag selected as a housekesping gene for internal

normalization of the blots.
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Bioimformatic analyais

Bioinformabic analysie of the protein sequences
rransmliated from 4% HP-gpecific candidate genes, sslected from
wicroarray analysis and multi-gstep data-mining etrategy, was
performed. Based on the annotationg of their biological
fonctionsg, three candidate geneg, previously not identified
in myocardium, and that encode matrix-related proteins, wers

chosean for further vesting by real time PCR.

Primers, probes and real-time PCR

Primers and probes were designed from rat sequences
availahle in GenBank™ using Primer Bxpress Softwara (PE
Bpplied Biosystems, Poster City, CTA, USA). Probas were
degigmed from conserved exon splice sites derived from the
Ensembl-Mouss Genome Sequencing Consorbium and Bnsembl -Human
Genowmne Browser, thus preventing recogaition by the assay of
any potentially contaminating genomic DNA (Tabla 1}. Optimal
PCR conditions were found to be 12.5 ml 2x PCR Mastaer Mix For
Tagman™ assays, with a final concentrafion of 5 mi MgCl,, 300
oM of each primer, 200 nM probe, and 10 ng cDNA-template in a
total wvolume of 25 ml. Anplificetion and detection were
carried out using the ABI Prism 7700 Sequence Detection
Bystem (PE Applied Riocsystems, Foster City, CA, USA). The PCR
data were reported relative to the exprassion leval of the

nougekasping gene, cyclophilin AL

Expeximental MI and morphometry in TEP2 mice

Myveardial infarction was induced in 22 wild-type
{128 8vJ strain) and 16 TEP2- null mutant (T8P2) mice by
oceluding the left anterior descending coronary artery. Two
sham-operated wice were used as controls. These mice wers
killed, after elLher anesthesis, by injecting 1 ml 0.1 M CdCla

into the vena cava. The heart was perfusion-fixed with 5%
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ouffered formalin for 10 winutes and lmmersion-fixed
overnight in 10% puffered formalin. Tissue specimens of wild-
type and TEP2Y" mice were evalusted uging standard electron
microscopical techniques.To guantifiy the extent of fibrosis,
computerized planimetry was performed in seven randomly
selected fields per section. Each field repressnted a 400 uw
araa. Coilagen area was guantified selectively from left
ventricular interstitium excluding perivascular and
epicardial collagen. Collagen area fraction wag calculated ags
the ratio of area stained by picrogirius-red o total
myocardial area per f{ield. The detaiis of rthe procedure have
hean reported previcusly {Cherayil et al., Proc Natl hcad Sci
U8R, 87: 7324-7338, 1950; Cleutijens et al., A&m J pathol.,
14%: 325~-338, 1995).

Statistical analyses

Pata are presented as wmean i+ SEM. The data for each
skudy group (candesartan-freated and two groups of untreated
renin-transgenic rats) were compared using cone-way analysis
of variances (ANOVA) in cosbination with a Dunnett post-hoc
analysis to correct for muliiple comparisons. 8D rats wers
used as an Internal control cohort. Analyses were performed
using the statistical package SPSS 10.0 (Chicago, IL, USA).
P-values <0.05 were considersd to be statistically

significant.
Regults

Rapid transition to overt heart failure and death in & subset
of Ren-2 rats

Hypertrophied left and right ventricles were noticed
in the 8 xats that were sacrificed ab 10 weeks and alaso in

other untreated rats thatr were saorificed at later dates. Ho
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LVH was noticed in 8D controls. Six oub of 14 Ren-2 rats on
placebo rapidly tfyxarnsgited towards overt clinical HF between
12 to 14 weesks of age and had depresssad cardlac functional
indices cowpared bto the 8 rats that remalned compensated
throughout the observation periogd of 17 weeks. Pleuyal
effusion and sharp fall in 4p/dt,,, were noted in HPF-9 rats;
these changes were nob apparent in HF-R rats {(Table 2).
angiotensin II blockade completely prevented the development
of cerdiac hypertrophy and failure (LV welght/body weisht %,
2.5320. 36, dP/diu,, B400+202) when evaluated in sacrificed
animale at 13 weeks.

Microarray revealed 45 genes overexpressed in heart
failure susceptible rats.

For microarray anslysis, we fivst examined biclogiceal
variahility in gene expression between HF-S and HF-R groups.
The expression levelsg of wmost genes in the two HF-§ and HPF-R
groups were very similar. Out of a total of 12,336 genes
profiled for expression, only 49 genes survived the multi-
step data mining strategy {Figure 1} and were overexpressed
in HP-8 rats. Nicotinamide adenine dinucleotide [NAD) trang-
hydrogenase wag the only gene with reduced expression in
failing wyorardium. Notably, exprasssion of osteoactivin,
TSP2, several pro-collagens and thrombospondin-l were
increased. Many of bthe identified genes encode proteins with
known functions wherasss Dthers correspond to genes cof unknown
funckion, including novel genes and genes neot previocusly

detected in the heart.

Biocinferrmatic analysisg pointed to thres novel cardiac matrix-
relatad genes

Since no information wag available as to the funouion
of many of the oversxpressed geres in HF, we aubjected all

che 49 genes Lo bioinformatic analysis. Initially, we made a
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broad functional classification of the HF sugceptibility
genes using GensFiNd {Gene Family Identificabion Network

Degign) System {(hitvu://www-nbrf.gecrgetonn, edu), which

compines several seaxrch/alignment tools to provide rapid and
accurate gene family. This strategy indicated that most of
the overexpressed genes encode matrix-related proteins.
Notably, the functions of 3 selected susceptibility genes
{ogtecactivin, thrombospeondin-2 and collagen VI} were non

previonaly reported in the myocardium.

Macroarray showed normaliszation of HF susceptibility genes by
angiotansin I7 blockads

Tor confirm the role nof the renin-angiotensin system
(RAS) activation in this angiotengin-driven model of heart
failure, we re-assessed the expression of rhe Large! genes
identified by micrvarray after treating a subygroup of Ren-2
rats with a sub-pressor dose of candesartan from 7 to 13
weeks of age. In additlion to improving the hemodynamics, ARB
treatment prevented the overexpregsion of all HF-reslated

candidate genes (data not shown).

Myccardial biopsy at 10 weseks showed TEP-2Z upregulation in
rats that later rapidly progressed to HF

To evaluate the expression status of the 3 matrix-
related geneg in the myocardium befors BF became
hemodynemically and clinically apparent, we developed a
technigue to cbtain cardiac biopsies in the spontaneously
beating rat heart. After blopsy, the vat wasz allowed to
recover to determine whebher it would prove to be resistant
or gusceptible to hearxt faillure. This novel approach allowasd
us to establish the levels of gene expresszion before failurxe
became apparent. TEPZ expression was aignificantly increased

at the early hypertrophy stage (10 weeks) only in those rats
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that developed rapid cardiac decompsnsation within 12-14
wesks (Pigure 2a), while it was nob upregulated at this stage
in the rats that subseguently remained compensated, nor in
non-transgenic contrcel rat hearts. Expression levels of othar
BF related candidate gepes, such as osteoactivin {Figure 2b)
and collagen VI {Figure ic}, were increaged in the early
hypertrophy stage both in the rats that later failed, and in
those thabt remained compensated compared Lo controls.
Importantly, the widely used marker of cardiac hypertrophy
and failure, wae upregulated in the 10-week biopsy in all
rats irrespective of later compansation or failure and could
therefore not distinguish failure-prone from failure-
regigtant rats {Figure 2d). In accordance with our initial
microarray gtudies, expression of these 3 genes further
increased Lo more than 2-fold of their 10-week expression
levaels upon the development of heart failure. Compensated
rats, despite having hich ostecactivin, collagen VI, and BNP
ar 10 weeksg, had no further significant incresase in the
expression levels of these genes upon the sacrifice ab 17

weeks (data not shown) .

T8P-2 knock out (TSP} mice cannot survive acubte wyocardial
infarction

In contrast to various rabt models of heart fallure,
there are no carefully documented mouse models that
conslstently develop hearr failure in response to pressure
overload. Tﬁerefnre, we infarcted the anterior myoccardium in
22 wild-type and 18 TSPX'" mice to address the biclogical
role of TSPZ in acute myocardial structural damage and
conseguently, rapid cardiac remodelling. Infarction was not
tolerated by TSP2-null wmice, since all mice died frowm cardiac
rupture within the first 72 hours after MI. ©On the other

hand, 100% of the wild-type mice that 4id not succumb fo
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immediate post-operative complications survived (Ficure 3).
Computerized morphometry, 48 houras pogh-MTI, showed an
apparent complete lack of reactive incrsase in wmyocardisl
coliagen in TEP2-null compeared to wild-type wmice {(0.36140.05%
and 0.70z0.04%, respectively; p<0.05] {(Figure 4}. Light and
electron microscopy revealed extensive disruption of
myocardial watbrix in F8P2-null mice. Hone of the wild-type

mice demonstrated this phenctype (Figure 5).

Discugeion

It was demonstrated in this study that increased
cardiac expression of T8P2 identifies those hypertrophied
hearts that are prong Lo progress to overt heart failure. It
was further shown Chab T8PZ is reguired to mount an effective
response to acute cawvdiac loading. In contrast, known warkers
of hypertrophy like BNP were invariably increassd in all
forms of cardiac hypertrophy and therefore could not
distinguish hetween failure-prone and failure-resistant forms
cf hypertrophy.

Al though the family of thrombospondins has been
studied extensively in vascular and thrombotic df¥seases,
there are no reports that substantiate an impertant role for
thrombospondineg in heart failure. Our findings suggest that
TSP way perform, directly or indirectly, a crucizl funchtion
in cardiac wmabrix biclogy

TSP2 is a secreted matricellular glycoprotein whose
fuynctione are diverse and incompletely understood. Bince no
cloge orthoelogues of TEPZ were found in the genomes of
Cagnorbabditis elegans or Drosophila, it appears that this
protein has evolved to cope with the increased complexity of
cell-matrix interaciion in  vertebrates. Az svidence for a
role of TSPZ in the organization of the exiracellular matrix,

previous studies in T8P2-null mice have shown that loss of
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TEPZ expression vesults in abnormally large collagen fibyils
with irregular contoursg. Purthermore, the skin of TSE2- null
mice is fragile and has reduced tensile strength. TEP2-null
skin fibreblasts are defective in their attachment to a
gubgiratum and have increased levels of mabrix
metalloprotelnage-2 (MMP-2) in thelr culture. The current
study haz identified two, apparently contradictory, functions
for TSP2 in the myocardimm. In chronic hypertension in Ren-2
rats, increased cardlac expression of TSP2 identifies those
animals that are prone to heart failure. While thiz response
would appear to indicate that expression of TSP2 ig
detrimental, it is likely that the response reflscts a
heightened, previcusly activated , injury response in rabs
cthat later progress to overt faillure, in comparison with the
responge in rats that remained compensared for a prolonged
period of time. It is well established that the expression of
T8P2 is charvacteristic of the response to injury in adult
animals. On the other hand in experimental myocardial
infarction in wice, the presence of TEP2 clearly protscis
againgt cardiac rupture. While the two experimental systems
are difficult to compare because different species are
involved and, in the case of T8PZ-null mice, complex
compengatory changes are likely to be present, both sets of
rasults are consistent with an iwmportant role for TEP2 in
gensrabing a fully functiomal extracellular matrix after an
injury. In the case of excisional skin wound healing in TSP2-
null mice, the sbsence of TSP2 appesrs to be bheneficial
pecause in this partioular form of wound healiny the
resulting increage in angiogenesis and in MMP2 accelerate
healing, despite the pre-existing structural changes in
collagen fibers that are known to be present in this tissue.
However, it ig suggested that the prior intrinsic weskness of

cardiag tissue, due Lo similar abnormalities in the matrix of
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the myocardinm, predispose to cardiac rupturs after
infarction.

The pressnt data guggesh that increassd cardiac
expregsion of TEPR precedes progression to fallure. Since it
ig kaown that throsbospondinsg can bind to dntegrins ib is

poseible that TEP2 mediabes pro-fibrotic effects via integrin

signaling. Recently Zhang et al. (J in Invest 11ll: 833-841,
2003) reported that mice with haploinsufficiency of the
adaptor protein gene, Grb2, asre resistant to cardiac [ibrosis
in response o pressure overload. Grb2Z is recruited in
integrin-nediated activabion of focal adhesion kinase that
van result from wmechanical stress. In our study we {ound thab
$1 integrin was among the genes whosg expression was clearly
incressed in the hearts of hypertensive Ren2 rats and was
further increased ln failling hearts. This finding was
subgtantiated by our recent obsgervation that the stretching
of cardiac fibroblasts in vitro increased protein levels of
31 integrin (8. pPokharel and Y.M.Pinko, unpublished dataj.

it should be noted that the picrosirius red staining
rechnigue for guantification of collagen relies on the size,
aiignment, and packing of collagen fibreg to show visible
polarization of orange-red colour. Since TEP2-null mice have
an abnormal wollagen fibril and fiber structure, specifically
less organized fibers and irregular and larger fibrils, the
birefringence that was measured could have been affected by
thege changes.

In conclugion, according to the present invention it
ig prepoged that TSP2 Lunctions a&s a crucial regulator of the
integrity of the cardiac matrix. Since increased
extraceliniax matrix formation characterizes both
experimental and clinical forms of pressure overload-induced
neart failure, the early expression of TSPZ may reflisch a

matrix responge that is crucial din the trangition Lrom
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compensat ed hypercrophy to heart failure. These observations
show thab early detection of cardiac overexpression of T8P2
can identify those hypertrophied hearts that are susceptible
to heart failure, and may facilitate early identification and
pogsibly treatwment of patients thab are prone to progress to

heart failure.

EXDMPLE 2

Galectin-3 Mayks Activated Macrophagas in Hypertrophied

Heartg Prone to Pailure

The increased myocardial expression of wscrophage chemo-
attractant proteing and various cytokines has suggested that
macrophages are inwvolved in heart failure (HF). However, it
is unclear whether macrophages merely respond to already
astablighed Indury, or ars actively iavolwed in the early
stages of JF. To study these mechanisms in hypertensive HF,
the inventors smaployed homozygous hypertensive TOR (mRenz) 27
(Ren-2) xats,. These rats invariably develop cardiac
hypertrophy by the age of 10 weeks, whereafter some remain
compensated up to 17 weeks, while cothers progress to failure
and death arcund age 12-14 weeks. This astudy shows that
cardiac galegtin-3 eapression specifically marks
hypertrophied hearts prone ko progress to failure.
Macrophages appear to be acbivated early and specifically in
failure prone hypertrophied hearts and macrophage derived
wediators like galectin-3 may coniribuce to the development

of cvardiac fibrosis and progression towards HF.
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Materials and methods

Tranagenic rats and hemodynamic shtudiss

Homozygous Ren-2 rabs were obtalined from the Max-
Delbriick-Zentrum Fir Molelulare Medizin, Berlin, Germany. We
studied 16 male Ren-2 rats and § age-matched controls from
the non-trangsgenio background, Sprague Dawley (8D} ratg. OfF
the 1& RKen-2 rats, 8 were treatad with 0.05 mg/kg/fday of
candesarvan, an angiotensin 11 receptor type I blocker
(ARB)}, from 7-13 weeksg of age. Within 8 untreatsd Ren-2 rats,
4 were gacrificed at 12 weeks upon the development of HF. The
remaining 4 Ren-2 ratg were monitored and were gacrificed at
17 weeks when signs of clinical failure had not appearsd.
Hemodyrnamics was taken at 10 weeks and before sacrifice.
Heart, lung and body weight were measured after the
gacrifice. The procedure for care and treatment of anlmals

wag approved by the institutiosal animal care conmibtes.

Myocardial biopsies from 10-week Ren-2 rats

B ogecond group of 12 Ren~2 and 4 SD rats wers
anesthetized and a blunt 20-gauge needle was placed in the
trachea bto serve as & btracheal cannula, which was connected
to a volume~cycled rodent respirabor {(model 683, Harvard
hpparatus, Soubth Natick, MA) on room alr with a tidal wvolume
of 2.5 to 3 wl and resplratory rate of 80 breaths/min. With
the visual help of a micro-dissecting microscope, a 5 mm
incision at the left 4% intercostal space was made Lo access
the thorax. Biopsy was taken using a custom-made .35 mm

necdie.

cDNA microarrays
CDNA clones isolated from 2 normalizsd rat oDEAa

library (Cotbal 12,336 genes) were chosen for analysis on
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micrearrays {Incyte Genomics, CA, USA, rat GEM-2/3). BCR
amplified inmercs of each cDNA were printed as high-density
array on glass surfasces. Duplicate hybridizations were
performed on these glass vhips with two 8D and six Ren-2 rat
myccardial ®RWA at three different time points. The taryst
ganza that showed statdatically significant ($<0.001) changes
in expregzion with at least 2-fold overexpressicn in HF-S
group were reprinted onte a sub-array for further analysis ac
that the genesg were independently assessed four times to
improve the level of reliability. The protocol for data
mining {Fan FL et al,, Proc Natl Acad Sci., 99: 11387-113592,
2003} and val idation was adopted, as detailed previously

{Bandmen O et al., Ann NY Acad Sci. 975: 77-50, 2002).

Primers and probeg -
Primers {forward, 5’MCOFSGACTGGACCACE‘GACA—3’, reverge, 5/-
CAGURTGCRAGGCATGACT -2 \/‘and proba, 57~
TGCCOTACGATATGCUCTTGOUTG37) apecific to galecktin-3 were
designed from sequences available in GenBank™ using Primer
Express Boftwaxe {(PE Applied Biosystems, Foster City, CA,
U3AY .

RNA disolation and real time PCR

RNp was isclated from rat left venrricle with the
Rieasy Mini Kit following the RNeasy Mini Protocol (QLAGEN,
Hilden, Germany) and stored at -80°¢. RNA was ifsolated From
rat heart biopsies with the PicoPure ENA Isolation Kin
{(hrecvurus, CA, USA) sccording to mamufacturer’s insbructions.
Optimal PCR conditions were found £o be 12.5 um 2x PCR
Master Mix for Tagman™ asseays with final concentracion of 5
m MgCl,, 300 nM of each primer, 200 oM probe and 10 ng coNA~

template in a Lotal volume of 25 u3l.
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Sequenaing, membrane spotting and cDNA hybridization for
MACToORLTEAY

Clones of the differentially expressed genes
identified by microarray were obbtained from Incyre genomics
and sequenced with 5'-SGTGACACTATAGRAGAGC-3'primexr
{Burogentec, Seraing, Bslgiuwwm). After confirming Lhe
identity, the plasmid inseris wers amplified by PCR reaction
with the %’ -ACCATGATTACGUCARGCTC-3¢ and 3°- 3 presfl’
ACCACGECCAGTHAATTGAR-S primerg. Each clone was then spobied
in duplicates on nylon membrane {macrosrray). The dob blotsg
wers scanned with the personal fx-phospho imager (Cyclone

Syetem Packord, Meriden, OO, USA).

Protein isclation and Western blotting

Protein leclation and Western blotting was performed
ag described previously9d. Frimary antibodlesz {Galectin-~3,
Biorcagents: BD-1 and 0X-4, a kind gift from Dr. M. de
Winther, Department of Molecular CGenetlcs, University of
Maastrichi, The Netherlands) were diluted 1/1000 in tris-
buffer saline with tween-20 (TBE-T). Secondary antibody
(horseradish-~peroxidase conjugated IgC, Cell Signaling
Technology) was diluted 1/2000 in TBE-7. Protein bands were
vigualisned by enhanced chemiluminescence (BCL, Amersham,
Arlington Heights, IL, USA) according to manufacturer’s

instructions.

Immonohistochemistry, galectin oytochemistry and confocal
microscopy

The expression of galectin-3 and acceszible binding
zites were visualised by o specific anti-galectin-3
moneclonal antibody and biotinvlatsd galectin-2, as described
previcusly (Gablus et al., dnal Bilochem.: 18%: 321-9&,

15301 . As detriled elsswhere {(Andre et al., Chembiochem. 2:
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§22-830, 2001) galectin-3 was biotinylated under achivity-
preserving conditions. In confocal lager scanning microscopy,
galectin binding sites were detected by Fiil-lsbelled avidin.
A Texag-red labelled secondary antibedy was used to visualige
immunoecytochemical 1y the proliferating nuclear antigen
{PCHA) . Further details on the procedure are available
eigewhere (Broers et al., J Cell Sci.: 112 (Pt 20}: 3483~
2475, 1899).

Cardiac fibroblast proliferation and proline incorporation
ASFaYS

Rat cavdiac fibroblasts were isolated from 2-day-old
necnatal Sprague-~Dawley rats, as described previously
(Pokharel et al., ¥Hypervtension, 40: 155-161, 2802). Cells
ware cultured in Dulbecco's medification of sagle's medium
{DMEM) supplemented with 10% foetal bovine serum (FBS), along
with 1% L-glutamate, 50 U/nk penicillin, and 0.1 g/L
gtreptomyein, and were incubated a2t 37°C in a humidified 5%
U0, atmosphere. Twenty-Tour hours after seaeding, c¢ells ware
madae gquiegcent by incubation wirh media containing 0.5% FBE
for 24 hours. Cell s were then treated with murine recombinant
galectin-3 {control, 10ug/ml and 30ug/ml) for 24 hours. The
aumber of dividing cells was determined by radio-labelled
methyl- [*H] thymidine incorporation {(0.5u01 per well] assay.
radicactivity was measured in the miziure of fibroblasts and
scintiliation liguid using LKB-Wallace beta counter (FSA
Laboratory Suppliss, Loughborough, UK).
Secrered collagen was measured ysing a [PHiproline
incorporation assay. Briefly, cardiac fibroblasts were sesdsd
in 6-wall plateg &t $0-100% confluency. During the final 24
hours of incubation, 131Ci/ml of L-[*Hlprcline was added.

Incorporated [PHiproline from the condition mediuwm wae
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precipiteted with 10% trichloroacetic acid (TCR) and countad

with the scinbillaticn counter.

Statistical analyses

Data are presented as mean i SEM. The data for each
study were compared using one-way analyvsis of variances
(BNOVA) in combination with a Dunnett post-hoc apalysis to
coryoct for multiple comparisons, using 5D rats as internal
conbrel cohort . Bnalyses were performed using the stabistical
package SPS8 10.¢ (Chicago, IL, USA). P-values <0.05 were

congidered to be statistically significant.
Results

Deteriorated cardiac function and cardiac fibrosip in HE-8
rats

Hypertrophied left and right ventricles in & placebo-
treared ratg were observed. In contrast, there was no
inecrease in LV in candesartan tresared rats and non-transgenic
controls. Four out of 8 rats without treatment developed
owert clinical HF berwaen 12-14 weexs of age, which was
accompanied by indices of depressed cardiac function. The
remalining 4 rats remained compsngsted during the study period
of 17 weeks. Overt HF with pleural effusion (lung welght/body
welght %: HF-8, 10.6340.7 ve HF-R, 4.57:0.2, P <2.001Y and
elevated left ventriculay end-diastclic pressure (LVEDP} was
apparent in HE-5 rats, which was not present in HF-R and or
ARB treated ratg {Flgure & a, b and ¢). AL 10 weeke all the
paleebo-treatad Ren-2 rats had LVH but no hasmodynamic
evidence for decompsngation {LV weight/body weight %: Ren-2Z,
3-88+0.08 vs non-transgenic controls 2.1320.2, and dp/db,,:
Ren-2, 8556:226 vd non-transgenic conorols 872043730 .

Myocardial collagen content, determined by compurer-assisted
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densitomelry, revealed higher degree of cardiac Fibyomis in
the HF-8 rats compared tLo HF-R ratg. ARB normalized LVH and
myccardial oollagen content so that it remained comparable to

that of the normotensive background strains (figure 7}.

Mioroarray reveals abusdance of immme-relatad genes in HF
suscepcible rats

Pirstly, we examined the biclogical wvariability in
cens expression betwesn HF-3 and HF-R groups. The expresgion
levels of wmost genes between palrs of zamples from both
groups waere highly correlated. We focusmed on the
differentially expressed genes between the failing and non-
failing hyparvrophied hearts. Log traneformation of the
values was done and only statistically significant {P<0.05)
differences in expression levels exceeding the 2-fold
threshold were considered to be differentially expressad.
Galectin-3 emarged as the most prominently overexpreszed gene
with more than 5-£014 rise in HP ratg (Table 3). OFf ipterest,
major histocompatibity complex antigen II (MHC-II} and
immunoglobulin receptors genes were among these overexpresged

genes .

Macroarray reveals normalization of HF susceptibility genes
by apgiotensin 1T blockade

T validate the differentially expressed genes in HF,
we firgt confirmed the identity of the clones by sequencing
and consequently re-spotted these genes onto nylion membrane
{(macroarcay) for repeat hybridization in separate biclogical
samples. This also yielded an oversxpression of seven major
index genes initially identifled by microarray. To confipm
the role of renin-anglotensin system (RAS) activation in this
angiotensin drivern model of HF, we re-asseszsed the expression

of the target genes identifled by microarray after treating a
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subgroup of Ren-2 wats with a subpressor dose of candesarten
from seven till 13 weeks of age. Angictensin 11 blockade
completely prevented the development of cardiac hypertrophy
and fallure. On the level of gene expression, it prevented
the oversxpression of all HF-related candidate genes.

Novably, galectin-3 gene expression was also prevented.

Western blotting shows high galsctin-3 expression in failing
myocardium

Given the robust transcriptomal increase in galectin-
3, we focugsed on its protein levels in the myocardium.
Comparable no the results obtained in micro/macrosrrys, the
highest level of galeectin-? expression wag observed in the
same group of animals that had highest degree of cardiac
fibrogis and rapidly developed cardiac decompensation by 13
weeks (HF-5, 94.6:8.9; HF-R, 3525.6; P < 0.01) {Figure 8 a
and by,

Co~localization of CDE8 positivity, MHEC-II antigen and
galectin-3

We monitored the distribution of galectin-3 in the
rat myocardium by immunchistochemistry. Histologicslly, HF
susceptible rats revealed patchy areas of and fibrosis. The
archizecture of the tissues in non-affected arcas was well
precerved. In contrast, these areas of high fibrosis were nob
seen in RRB treated and 5D rats, and alsc not in
hypertrophied non-failing HF-R rats. Importantly, galechtin-3
positive areas showed pronounced tilssue damage and high lsvel
of fibrosis. Morpholegically, galectin-2 positive cells ware
rather large. To confirnm the agsumption that these cells wers
macrophages, we analyzed the gerial sections with a
macrophage specific antibody (ED-1}. Gzlectin-3 positive

aress co-localized with the macrophage specific stalning.
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These macrophages strongly expressad MIC-IT antigen too,
indicating an zchive rvole of these cells in antigen
presentation. These characteristics were not evident in HE-R

rats and non-tranggenic controls.

Galectin-3 binding sites in cardiac fibroblasts

Hoving defined strong expression of galectin-3 in
wacrophages, we determined whether galectin-3 binds to
cardiac Tibroblasts. We used the biotinylasted galectin-3 to
visunalize galecrin-3 binding sites on cardiac Fibroblasts. ﬁn
0.1% Triton-permeabilised cells, presence of galsctin-3
binding sites resulted in diffuse cytoplaswmic as well asm
perinuclear staining in vesting cells (Pigure 10 a). In
contrast, proliferating fibroblasts showed snhancad sbaining
around the nucleus, revesling a2 mitosis-relared alteration in
staining profile {Figure 10 bh). This pattern was
independently monitored by conforal microscopy. In faect,
these experiments confirmed compact presence of accessible
galectin-2 ligands arcund the pucleus in proliferating {i.e.,
PUNA posgitive) cardiac fibroblasts {Figure 10 ¢, d and =)
evocative of reflecting cell oyele activation in galechin-I

overexpressed state.

Galectin-3 induced fibreblast proliferation and collagen
production

Having thus provided evidence for presence of
accessible sites in the cardiac fibroblasts, we debermined
whether galectiin-3 stimulates the growth of cardiac
fibroblaets. Using recombinant galectin-3, we perforned
proiiferation assays. Galectin-3 was added in differsnt
concentrationg (0, 10 and 30 pg/mi) with and without serum
enrichment. We observed significant increass in cardiac

fibroblast prolifsyacion with 10 and 30 Ug/ml exogenous



(55)

3G

galectin-3 over 24 hours (galectin-3 ab 30 Wg/ml, 347217.53
countg per minute (cpm) ; galectin-3 at 10 ug/ml 309:4.8 cpm;
gontrol, 14534.8; p < 0.01). We then wonitored the collagen
production by cardiac £ibroblasts with the addition of
exogdenous galectin-3 uming radicactive proline-incorporation
agsays. With 30 ug/uol of galectin-3 in the medium, ths
proline incoryporation increased by approximately €6%
{galectin-3 at 30 pg/mi, 1066256 cpm; control, 707:52.8 cpm;
p<0.03) . Lower concentration of galectin-3 failed bo produce
significant effects (galectin-3 at 10 ug/ml 922472 opmy
p=0.13}.

Myocardial blopsy at 10 waeesks showad high galectin-3
expression in rats that later rapidly progressed te HF

To evaluate the expression status of galectin-3 in the
myocardium before HF became hsmodynamically and clinically
apparent {i.2., 10 weeks of age) we developed & technigue to
obtain cardiac biopsies in the spontanecusly beating rat
heart. After biopsy, the rat was allowed to recover to
determine whether it would prove to be resilient or rather
susceptible to HF. Measured by real-time PBCR, wyocardial
expression of galectin-3 gene was increased only in the rats
that later progressed tvo HF {arbitrary units, 5.810.17),
while it was expresssd at relatively lower levels in the rats
thalt subsequently remained compensated {3.4:0.2), and in non-

transgenic control rat hearts {(2.5£0.033} (Figure 12}.

Discusgion

The current study aimed to identify the mechanisms
recruited specifically din the hypertrophied ventricles
trangived to fallure. We demonstrated that galectin-3, a

macrophage expressad protein, 18 early and specifically

JP

2010-279378 A 2010.12.16
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exprasged in fai

re-prone hypertrophied hearts. Furthermors,
we 2stablish ther galectin-3 binds to intracellular binding
sites in cardiac fibroblasts and activates cardiac fibroblast
proliferation and oollagen production, suggesting that this
can contribute to myocardial stiffness and probably
progression Lowards HE.

Previous studies have suggested a role for
macrophages and inflammatory responses in HF. These studies,
however, have left the guestion unanswered whether crophage
activation preceded or merely accompanied HF., Furthermore, an
explanation on the specific wechanisms that link macrophages
to cardiac fibrosis was alsc lacking.

Identified first as an antigen on the surface of
peritoneal macrophages, galectin-2 is the only chimera-type
mewber of the galectin family. It has a lectin group sharing
caloium-independent specificity teo PBr-galactosides as well as
proteins and iz located in the phagocytic cups and phagosowes
of the macrophages. Besides its anti-apoptotic and growth
prometing actions, galscbin-3 also regqulates wmonooyte
chamotaxis, chemokinesis and wodulates the aveilability of
cytokines. PFurthermore, recent studies have also suggested
that galectin-3 plays a critical role in phagocytosis by
macrophages when cross-linked by Foy receptor (PoyR).

interestingly, we alse observed the overexpression of
FoyR  in our HF models (Table 3).

The biopsy obtained from 10-week old vats showsd an
increased galectin-3 expression only in the vats that
transited to rapid failure. Given the pro-:unflammatory and
fibroblast growth promoting acticns of galectin-3, the
increased expression at this stage may contribute to a
faiinre-ceonducive environment. In accordance with our
findings, galectin-3 expressad by liver-analogues of

macrophages {i.e., kupffer cellsz}., have beern implicated to
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induce the synthesis of exncess fibril-forming collagens in
Liver. This suggests that galectin-3 ig a macruphage related
pro-fibrotic mediator and yet another inflammatory infiltzate
cytokine with the potentilal to influence cardiac remodeling
in conditicns charateriszed by macrophage infiltration. An
alternative hypothesis on how galectin-3 could add to the
progression rpowards HF owmerges from the discovery of
galectin-3 as the third receptor for advanced glycogylation
end-products {(RAGE-2), that have critical role in collagen
crogs-linking and myocarxdial stiffness.

We alao document that galectin-3 bkinds to
intracellular receprors and induces cardiac fibroblast
proliferation and accentuates collagen production. Though
originally discovered as a carbohydrate binding protein,
galectin-3 ig known o specifically interact with
intracellular targets besides glyooconjugates. Previous
studies have proposed several molecules ag galectin-3 binding
sites including, Mac-2 binding protein, and laminin. However,
iv ds srill not known what induces the rapid perinuclear
migration of galectin-3 binding elements in proliferating
cells. Wherthar ir is an sxport of galectin-3 binding sites
from the dividing macleus (centrifugal migration) or it iz a
directed cytosolic to nucleay trvansition (centripetal
migration} of these receptors, needs further exploration.

The current study suggests a key role for immuine
gystem acvtivation and galectin-3 producrion in the
progression frow is=ft ventricular hypertrophy to HF and
demonstrates a link belween pro-immuns and pro-fibrotic
facvors. The increased expression of galectin-3 preceding HF
can reflect the sarly and sberrant activation of macrophages
in hypertrophied failing ventricles. Galecotin-3, in turn, can
relay signals from activabed wmacrophages to cardiac

fibroblasts. Peripheral detection of galectin-2 can serve asz
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a pradictor of HP and therapeutic inhibition of galectin-3
action can become a novel therapeutic target to counteract
excess gardiac fibrosis.

EXAMPLE 3

Bvaluation of galectin-2  in human gecum

Galectin-3 levels were measured in the serum of
patients with cardiovascular disepse. A commercially
zvailable kit Lo measure galectin-3 by BELISA was emploved.
The resualis are summerized in Table 24-6. It was shown thak
Galectin-3 is significantiy elevated in the serum of patients
with cardicvascular disease such as heart failure, LVH.
Morasover, aa uppsr limit for galectin-2 levels in healthy
control subjects was found, which is surpassed in most CHF
patients.

Locording to the present inventiorn it has thus for
the first time been demonstrated ithat measurement of
galectin-3 in the serum of human subiects reliably
distinguishes digeased from non-digeased subjects, and thus
provides additional informabion on non-myocytic disease

processss, it conduncrion with kKnown myonyiic markers {(BNP) .

Data tables:

LVH= hypertensives, hypertrophy

CHEF = neart failure

infl = inflammatory vasoular disease
rPoscon= mixed group of diseases
Infarct= infarciion patients

Healthy = heal thy controls
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Table 1. Seguences of real-time guantitative RT-PCR primers

and probes of candidate gene transcripts

Gene/primer Seguense (537 Position Speciey
Cyclophilin A (M19533)

Ty GGGAGAAAGUATITGGCTATAAGG ¥ 167190 Rat
Probe TCGAAGTCALCACCCTGGCACATGAAT ~ 219.244

Rev GOOACCAGTGCCATTATGS 249287
Thrombospondin 2 (XM_214778) v

Pwd GAAATGEICTACTTCTCAGACTTICAAG 603629 Rat
Probe CCCTOCTOTCTAGGCATCTCTGUACTCAT ¥ 631-659

Rev GLUACACTGCTGGAGCTGRA o 791-309
Osteoactivin (NM_002510) )

Fwd GGACTTCATTGTGACCTGCAAL ¥ 1350-1271 Rat
Probe CCACTCCCACGGAAGCOTGTACGAT ¥ 13761400

Rev ALCCCTETICTGGGUEATCT « 14211439
Coltagen VI(TC322135)

Pwd COCTCUTTIGCAGGCAGALD © . Bi6.834  Rat
Probe ATGCCTTGCAGATCAATAACACAGCAGTAGG  845.875

Rev CAGGAGGATCGAGACCTCAT ¥ 297916

Brain natriuretic peptide (M235297) )

Tavd GOIGCTTTOOGCAGAAGATAGA 350-373 Rat
Probe CCTCAGCCORICACAGOCCAA 394.414

Rev GCCAGOAGGTCTTCCTAAAACA, 416-437

The probes wers labelled at the % and 3' positions with 6-
carboxyfiuveresaein reporter and S-carboxytetramethylrhodamine
guencher, respectively. The position of the primers and
probes were annctated according to the sequences derived from
GenBank (accession numbers given in parenthesis). Fwd,

forward; Rev, reverss.



(60) JP 2010-279378 A 2010.12.

35

Table 2. Comparizon of hemodynamic parvamebers at 10-week
{nypertrophy, no HF), 12 told-week (progressed to sstablished

HF) and 17-weeck (compensated hypertrophy) rats

Parameters 10 weeks 12-14 weeks 17 weeks

{n=8) {n=6) {2=8)

53] Rem2 [35) Ren-2 s Ren2z
LVW/BW 215302 3.88%0.08" 22105 391097 25740.12 3.6040.5
AP/t 90102373 B5568205 02974221 37643198 76124124 TR144658
- dPidt F943:2076 82004482 06484514 325123170 69374845 BUE7L654

LVAH/BW, left ventricular welght corvected for body weight;
dP/dt,,, {(meHg/s), maximum rate of LV pressure rise; -dP/db..,,
maximur rate of LV pressure fall; *, P «0.05 vz age matched

8D ratg; #, P <0.01 vs L0-wask and 17-week Ren-2 rats.

Table 3. Sequences for semi-guantitative PCE and real-time

gquantitative RT-PCR primers and probeg of candidate gene

tranacripts

Crenefprimer Sequence (573 Species
Cyclophilin A {NM_021130)

Fwd TECTGGACCCAACACAAATG

Probe TICCCAGTTTTICATCTGCACTGOCA,

Rev TCCATOCAACCACTCAGTC Huroza
Gralectin-3 (NM_002306)

Pt CTCOCATOCTGATAACAATTICTG

Probe COGTGAAGCCCAATGCAAACAGAATT

Rev GUAAUATCATTCCCICTTIGG Humun
MCP-1 (M57441)

Ford GCAGOTCTCTGICACGOTICT

Rev GATGATCCCAATGAGTCGGOT Dt

The probes were labelled ar the 5’ and 3’ positions with §-
carboryfluoresceln reporier and é-carboxyteltramethylrhodamine
guencher, respectively. The position of the primers and
probes were annotated according to the seguences derived from
GapBapk (sccession nunbers glven in parenthesis). Fwd,

forward; Rev, reverse.

16
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Table 4. Galectin-3, descriptives

(61)

25% Confidence Interval for
Mean
B fean Sid. Devialion | Sid. Srror | Lower Bound [ Upner Bound | Minimum | Mexioum
LVH 22 6,243 1487 3t 5,807 5,398 371 3
chf 38 9,392 1,845 W5 28,794 9,594 50 -
inft 18 7427 1,878 A3B £,498 8,356 4.6 05
$OSCoN 3 8,660 B71 503 4,496 8,524 5,9 78
infarct & 8,317 1,262 515 4,992 7,641 53 8.5
healthy 26 4,717 1,125 221 4,282 171 2,8 88
Toial 111 7168 2,380 227 6,720 7,613 2,8 43,1
Table 5. ANOVA
Sum of
Squares af Maan Sqguare F Sig

Between Groups 373,605 5 74,7314 30,832 pilile

Within Groups 254,464 105 2,423

Total 628,064 110

JP 2010-279378 A 2010.12.16
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Table 6. Multiple cowparisons. Dependent variable: Galectin-2

Bonferroni

Kean
Difference 93% Confidence Interyal
(1) GROUP _ {J) GROUP [(35)) Std. Error | Sig. Lower Bound | Upper Bound
LVH chf -3,139% 415 J0G -4, 385 -1,892
infl -1,173 521 297 -2,733 L3822
posoon T -407 968 1,000 -3,285 2,47
infarct -5,348E.02 TAT 1,000 2.7 2,080
heaithy 1.536% 451 o4 g2 7 28t
chi LA 3,135 A5 G 1,892 4,385 |
infl 1,865 473 004 544 3,386
poscon 2,732 933 083 | -6994E-02 5,634
infarst 3,075 BE3 ,0e0 1,024 3,126
healthy 1,875 384 000 3,491 5,858
indl LW 1,473 521 397 - 392 2,739
chf -1,465* 4TS Kt -3,385 - 544
postan 787 885 4,000 -2, 191 3,724
infarct - 1,10 52 4,000 -1,148 3,369
healihy 2,710° S05 004 1,184 226
poseon LVH 407 588 1,000 -2,471 3,285
ohf -2,732 833 083 -5,534 £,994E-02
nft - 767 Gal 1,000 -3,724 2,191
irfarct 343 1,101 1,000 -2,953 3,650
healthy 1,843 8458 B4AY -, 808 4,794
infarct LwvH 6,348E-02 F17 1,800 -2080 . 2277
chf -3,075 583 vy -5,126 -1.024
indl -1,110 52 1,000 ~3,369 1,148
Posean -, 343 1,101 1,008 -3,650 2,883
healthy 1,600 705 380 ~518 3,718
 healiy  LWH -1,536 451 014 2,891 - 187
ohi 4, 675* ,394 000 5,850 3,401
indt 2,710 k1] 000 -4,226 ~1,184
poscon -1,943 848 647 -4,794 808
irifarc 1,600 705 380 3718 574

*. The mean difference is significant at the 05 level,
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1. Method for identifying a subdect at risk of
hypertensive snd crygan damage, comprising:

{a) obtaining a plological sample of said subiect;

{b} determining the level of ar least one non-myvosytical
merker in said sample, wherein the non-~myoscytal mavker ig
zelected from the group consisting of galectin-3 and
thrombospondin-2;

{c) comparing the level of said marker to a étandaxd
level; and

{d) determining whether the level of the marker ig
indicative of 2 risk for developing hypertensive end organ
damages .

2. Mathod as ¢laimed in claim 1, wherein the
biglogécal sample ig a plasma sample derived Trom peripheral
bloocd.

3. Method as claimed in claim 1 or 2, wheresin the
level of the marker is measurad by an enzyma~iinked
immunoserbent assay (ELISA) .

4. Use of cne or mors nen-myocytal markers for
identifving a subject at risk of developing hypertensive engd
organ damage, wherein the non-myocytal marker is selected
from the group consisting of galectin-3 and tnrombospcu&¢n -2

5. Use of galectin-3 for the manufactuxe of a '
medicanent for the prevention and/or treatment of congest;ve
heart raxlu:e and/ox nypertansxvp #nd organ damage.

6. Use of thrombospondin-2 for the manufaciure of a
medicamenh for the prmventﬂaﬁ and/or treatment of congestive

heart faiiu*e and/on hype:tens*va end argan demage.

(37) Abstract: The present invention relates to & method for idenvlying a subject at risk of developing hyperensive end organ
damage, such as and in partienlar heart failure, comprising: a) obiaming a biclogical sample of said subject; b)Y delermining the level
of 4t least one non-myocytal marker in said sample; ¢} comparing the level of said marker to a standard level; and d) determining
whether the level of the marker is indicative of a dsk for developing hypertensive end organ damage. The nen-myocytical marker

preferably is galectin-3 or thrombospondin-2.
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Ta—7 CCCTGCTCTCTAGGCATCTCTGCACT  631-659
galectin-38kthrombospondin-27E #il& F F LS8 7 SR 25 v A CAT
N . Rev GCACACTGCTGGAGCTGGA 791-809
1%0 [Jﬁ&%]% AT AT 7 F U (NM002510)
Fwd GGACTTCATTGTGACCTGCAAA 1350-1371 7 v b
Trae—-7 CCACTCCCACGGAAGCCTGTACGAT 13761400
Rev ACCCTGTTCTGGGCGATCT 1421-1439
=7 —4% 2 VI (TC322135)
Fwd CCCTCCTTGCAGGCAGAAC 816-834 7 v b
Fu—77 ATGCCTTGCAGATCAATAACACAGCA 845-875
GTAGG
Rev CAGGAGGACCGAGAGCTCAT 897-916
Mg - Yy AP TF F(M2529T)
Fwd GCTGCTTTGGGCAGAAGATAGA 350371 N
Ta—7 CCTCAGCCCGTCACAGCCCAA 394-414

Rev GCCAGGAGGTCTTCCTAAAACA 416-437
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