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Fwd GGGAGAAAGGATTTGGCTATAAGG 167-190 F v b
Tu—7 TGAAGTCACCACCCTGGCACATGAAT 219-244
Rev GCCACCAGTGCCATTATGG 249-267
FarRARTY 2 (XM 214778)
Fwd GAAATGGTCTACTTCTCAGACCTCAAG 603-629 F v b
Fu—7 CCCTGCTCTCTAGGCATCTCTGCACTCAT  631-659
Rev GCACACTGCTGGAGCTGGA 791-809
ARATAT TV (NM_002510)
Fwd GGACTTCATTGTGACCTGCAAA 1350-1371 F w» b
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Rev ACCCTGTTCTGGGCGATCT 1421-1439 30
25— 4 VI (TC322135)
Fwd CCCTCCTTGCAGGCAGAAC 816-834 F v b
Fu—7 ATGCCTTGCAGATCAATAACACAGCAGTA 845875

GG
Rev CAGGAGGACCGAGAGCTCAT 897-916
B+ U U A7 R (M25297)
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#2 10 Pk, HF®L) . 12480014 (BErIhFHF A~ . 1758 (o
ShizlER) F v Mo Bl 7 A —FZ—O

Ny A—2— 10H 12720 L14@ 17:@

(n=8) (n=6) (n=8)

SD Ren—2 SD Ren—2 SD Ren-2
LVW/BW 2.15%+0.2 3.88+0.08" 2.21+0.5 3.91+0.9° 257*0.12 3.60+0.5
dP/dt . 90101373 8556+296 92971221 37641198 76124124 78141658

- dP/dt,,, 89431976 8200482 9648 1514 3251 +312°" 69371845 69671654

LVW,/BW, KB L TEBELLZEALGERRE ; dP/d tn.. (mmHg/s)., LVEER®
KR ; dp/dtnin. LVETRHORKEE ; x, p<0. 05 vs F@icvyT
LESDZo R, p<0. 01 vs 10—A8ABIR17—WRen—2<vbk,

oooooo
oooo

# 3 : FEAEEFESEOETRAIP CRBIGY 7% 4 ABMR
T-PCRFFAw—BLUS 72 COEF]

10

20

30

W/ 774 <— BEHG —3 ) fill

7402 A (NM021130)

Fwd TGCTGGACCCAACACAAATG

To—7F TTCCCAGTTTTTCATCTGCACTGCCA ek

Rev TGCCATCCAACCACTCAGTC

H Vv 7 F~-3 (NM_002306)

Fwd CTCGCATGCTGATAACAATTCTG

Sua—7 CGGTGAAGCCCAATGCAAACAGAATT =

Rev GCAACATCATTCCCTCTTTGG

MCP-1 (M57441)

Fwd GCAGGTCTCTGTCACGCTTCT

Rev GATGATCCCAATGAGTCGGCT Z v b

oooooao

0000000’ D000’ 0000000000000 O0D0D0ODO0OO0DO0DOoDOO0ODOaO
0000000000000 0O00O0DD0D0DO0O0DD0DDODO0O0DD0DDODO0O0DOoODOoDOoOODOaO
0000000000000 0000D00000D0O000D0D0O00O0DO0oOoOoOoooan
0000000000000 D0000000a0

0ooooo

oooao

£ HLo9FL—3, B8

FEECR T 205 ZEERM
N T EtiRE RERE FHER LHEER Mg AR
TV EZ) 5,253 1,467 811 5607 G, 855 37 EX)
chi 29 8,392 1,845 295 8784 8,550 5,9 13,3
infi 15 7,427 <1878 433 5,498 £,356 4.8 05
poscon 3 B EA0 B st 4,456 &.624 59 e
BE [ 8,317 1262 545 4,852 7,841 532 85
A A 26 4,717 1,425 221 4,282 5171 7.8 6.8
At 111 7,168 2 380 237 6,720 7,649 2,8 13,1
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5. ANOVA
SEOBH G Frog F Sig.
i BERR 373,606 { 5 74721 30,832 000
] 54,454 1 105 2,423
ait £38,068 | 110
oooooao
O0oano
% 5. WHHLE . EEMEY - HLUF—3Bonferroni

FigE I 3.1 C R
[ Gh B (-3 HeRs Eok-3k3 FHME LHIRR

(Y chi 3.135° 318 660 -4 38E —1,892
infl -1,173 ik 397 “.738 o2

LOSCoN - 407 958 1,000 -3,28% 2471

HE -6, 348E.02 F17 1,000 2T 2,090

A 1.526* 451 014 C sz 2,331

cht LWH 31567 | 415 anh 1,892 4,385
infl 1,965 473 001 544 3,385

EHB00N 2,732 933 B3 -B,854E-02 5,534

aE 3,075¢ 683 00 1,024 5,126

A 4,675* 3p4 000 3,491 5,859

irif LvH 1,173 821 57 -390 2738
chf 1,885+ 473 00t -3,388 - 544

[IORLON TE7 885 1,000 -2,191 3,724

a= 1,116 752 1,600 -1,148 3,389

A 270 505 ] 1,194 4,228

poscoh T 407 ,958 1,060 2,471 3,285
chf 2,732 033 a3 5,534 6,994F-02

frsfi -787 985 1,000 3,724 2191

i3 343 1,104 1,000 2,083 3,850

fRE A 1,943 ,949 £47 8508 4,784

K3 LWVH 6,348E-02 717 1,600 2,089 2,217
ht -3,078 B3 oen 5426 - 024

jrft -1.110 752 1,060 3,369 1,145

Poscon -343 1,161 1,004 ~3,659 2,953

R A 1,800 Jes 380 -518 3,718

oA LV 1,536* 451 To1a 2,891 -182
ohf -4 BTS¢ 554 00 5 B850 3,491

iaft 2,710 505 00 4,226 ~1,194

2OsScon -1,843 Bag JB47 -4, 784 BUg

HE 1 GGG 705 380 -3,718 518
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1
METAOD FOR IDENTIFYING A SURJECT AT RIZK OF DEVELOPING HEART FAILURE BY
DETERMINING THE LEVEL OF GALECTIN-3 OR THEOMEOSPONDIN-32

The pregsent invention relates ©o a method for
identifying a subject ar risk of developing hypertengive end
organ damage, such as congestive heart failure.

Congestive heavt fallure {HF) i% a common but severe
and complex clinical svndrome, especially among elderly
pecple, characterizad by a dimninished cardiac contractile
Function and decreased exercise tolerance, resulting in a
gradual detoriation of the patient often leading to
cardiovascular mortaliby. Thus, a largs number of patients

dle within one fo Eive years after diacnosls. However,

©

s lthough an important number of patients progress to develop
1ife chrestening complicatlons, other way ramain stable for
prolonged periods.

As early identification of patlents at risk fov
developing hypertensive end organ damage, such as heart
fallure, may prevent rapid progression, it would be
preferable to be able £o identify those patients in which
heart faillure is likely to occcur before it actually does so.
In adddicion, it would be preferable to be able to identify
thosge patients suffering from heart fallure who are at risk
for develaping severe complicatbions.

Current methods can reliably excluade hears failure,
but camnot reliably prove the existence of heart failuve, nor
can they predict the outcome of established heart failure, or
reguire sxpensive eguipwent and specifically trained
personnel to do so.

A need therefore existe for a simple and reliable
meithod for predicting the likelihond of onset of heart
failure and for predicting the cutcome of aliready established

heart fallure.
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The object of the present irvenbion is Lo provide a
mechod by which patients can be identified who are at
particular risk of developing hypertensive end organ damags,
such as heart feilure, or who are st particular risk to
develop complications of heart fallure. After identification,
these patients may for example be btreated before heart
failure or its complications cccur, which would be of great
ciinical importance.

Thais dis achieved by the invention by providing a
maethod for identifyving a subject at risk of developing
hyperteansive end organ damage, conprising the steps of:

fa) obhtaining a biciogical samgle of said subiect;

(k) derermining the level of at leas® onz nan-myocytical
marker in said sample;

{c) comparinz the level of saicd marker to a standard
level; and

{d} determining vwhether the level of the marker is
indicative of a risgk for develaoplng hypertenzive snd crgan
damage .

In the research that led to the present invention
apecific markers were ldentified that can bs used Lo predict
which hypertrophied hearts ars prone to failure.

It is generally known that hypertension causes
cardiac bypertrophy, which is one of the wmost lwportant risk
factors for heart failure. However, not all hypertrcphied
heartg will ultimately fail. These observations suggest that
addicional mechaniszms, besides those that cause hyperirophy,
are recruited during the protression £rom compensated cardiac
hypertropby to failure. Although recent studies have reported
many molecnlar and cellular changss underlying cardiac
hypertrophy (Lorell BIl et al., Circulaticn 102: 470-473,
2000; Panidis et al., J &n Coll Cardiol. 3: 130%-1320, 1384},

JP 2014-115297 A 2014.6.26
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the addirional fackors that contribute teo heart fallure have
remained unclear uncil now.

Boluyt and co-workers have for example decumented Lhe
upreqgulacion of genes encoding extrace’ lular matrix (ECM;
components in spontanecusly hypertensive rats {SHR) with
heart failure (Boluyt et al., Cardicovasc Ees. 46: 239-2485,
20G0; Hypertensicon 30; 1362~-1368, 1937; Cerdiovasc Res. 306:
836-840, 1%9%; Eur Heart J. 1§ suppl. N: 19-30, 1995).
However, it is not clear whether the coverexpression of these
genes preceded the overt clinical synd-ome of hesart failure
or whether theilr cverexpression was rather a consequenca of
an established process of active failure.

Several other unbiazsed approaches have also been
explcyed to identify mechanisms specific forx hesrt failure
(Korstin 8 et al., Cixrc Res. 8Z. 7185724, 23003; Hein § st
al., Circulation 1C7:¢ S84-991, 2003). In addition, recent
studies have sugrested that immune machanisms are
gpecifically activated in failing hearts {(Vagan RS et al.,
Circulagion 107: 1486-1491, 2003).

However, these previcus gtudies often compare end-
stage and drug-treated myccardium with sormal myocardium.
Therefore, the differenceg obtained may be secondary to
failure and itg treatment and such studiee thus dco nog
identify the factors that may lead to the failure of a
compensataed hypertrophied heart which may be uged as a marker
to identify paktients at risk.

In the research that led to the present invention,
the gene expression profile of a large number of genes from
failing hypertophied hearts was compared with hypertrophied
heartd that had remzined compensated. Thusg, genes were
identified that were differentially exprassed in failing
versus compsnsated hypertrophied hearts. In particular, the

pragent irvention is based on the findine thar particular
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non-myocyclical genes are abnormally expressed in diseased
heart rissue (Exampie 1 and 2).

According to the present invention use is made of
non-myooytloal markers, Thab is, markers that are derived
from cells other than cardiac wyccytbes. This has the
advantage that the method of the invention “probes” other
processes than the known myootio changes that ocour in
stressed myocytes. This opens the opportunity to nol only
diagnoge heart faillure, but also to continuously monltor
patients with known heart faillure, i.e. monitoring whether
adverese non-myocytic processes (e.g. inflammation, scarring
ebe.) occour that may herald mzijor adverse evennsg.

Recording to the method of the present invention a
hiolegical sampis is taken from an individuzl patient.
Subhzeguently, the Ievel of one or nore markers in said sampls
is measured by well-known technigues. Typiczlly, the level is
crmpared with a standard level rno determine whether the lavel
ef the marker is indicative of the patential of the
individual to progress £o heart fallurs. The etandard level
is based on the level of sald marker in healtvhy sobiects, IF
the level of the marker is zlevated compared to the standard
level, the subiject is st risk for developing CHF or
developing complicatious of heart faiiuare.

The biclogical sample may be any sample 5f body
Flaid, such as blood, plasma, serum, wrine eteo., or Lissus
sample such as a cardiac bicpay. Aocording to a preferred
asubodlment of the invention, however, the bhiological sanple
i3 a plasma sample derived [rom peripheral blood. Peripheral
blood samples can easily he taken from the patients and do
not need coaplex invaslve procedurss guch 3% catheterization.
The biloliogical sample may be processed according bo well-

known technigques to prepsre the sample for testing.
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According to a preferrsd subodioent of the invention,
the marker is a protein. The level of proteins can esasily be
determined by simple and reliable methods, such as
impmnclogical methods using specific antibodies against the
proteins.

Preferabiv, bthe proveln is galeckin-3, as %he leval
of galectin-3 has Leen demonstrated to be early and
specifically expressed in failure-prone hearts.

According to another prefarred smbodiment of the
invention, the profein is thrombospoadin-2. It has been
demonstrated that increased cardizc expression of TSE2
identcifies those hypertrophied hearts thab are prone to
progress to overt heart fallure.

The lewvel of the markers may be determined by a any
well-known suitable method. Preferably, the level of the
marker iy measured by an enzyme-linked immunosorbent assay
(ELIBA), thus prov.ding a simple, reproducible and reliable
method.

The present invention further relates to the wsg of
one or more non-wyccytbical markerz for identifying a subject
at risk of develcoping hypertensive end organ damage, such as
congestive heart fallure. Severasl non-myoeytical markers may
be used according to the invention. Prefevably, the marker is
galectin-3, and/or thromhospondin-2.

The markers identified according to Lhe present
invention may further be used in the prevention and/or
treatment of hypertensive and organ damage, in particwlar fox
the prevention and/or trearment of congestive hear: failure.
For example, inhibition of galectin-2 by for example
antibodies, and/for ccrivation of TSP-2 by suitable modulators
may be beneficial for preventing the ocwcurence of heart
failure. The present invention therefore further relates o

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



(29) JP 2014-115297 A 2014.6.26

g

manufacture of a medicament for the prevention and/or
treatment of hypertengive snd organ damags. The iogventis
further relates to the use of throwbogpondin-z and/ov
moduliators thereof for the manufacture of a medicament for
the praventlon and/or treatment of hypertensive snd organ
damage .

The pregent inventicn ig further illustraced by the
following Bxamples and Figures,

Figure 1 is 2 flow-chart showing the steps for the
implementation of previcusly raported stabtistical protocols
and the corprehensive cutoff points for data mining.
Multistep date filtering narrowed the numberg of
differantially éxpressed genes in heart Failure susceptible
rats down to 49. HF-8, heart failure-susceptible rats; EST’'s,
extended sequence tays.

Figure 2 shows Lhe results of real time PCR to
guantify the expression of mRMA transcripts of four selected
genes in myocardial biopsies taken from 16-week old rats, (a}
TSP2 was signifdcanvly overexpressed in those rats that later
progressed to rapid cardiac decompensation compared to those
that rvemained compengated for the study pericd of 17 weeks,
(k) Ostevactivin expression, (¢} Collagen VI expression, (d}
Bxpregsion level of brain natriurstic peptide. The data were
normalized Lo the house Kesping gene, cyolophilin. Comg,
compensated; Deccm, decompensated. *, p <0.01 compensated
versus decompensated groups; #, p  <0.05 3D versus Ren-1
rars; n o= 4 sach group.

Figure 3 showe the percentage survival cof mice
foilleowing induction of myccardial infarction. All the T9p2-
neil mice (dobted line) died within 72 hours after surdery
(n=186}. Bxcluding immediate postoperative desth, no mortality

wag observed with wild-type {s0lid line) mice (n=22).
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Fioare 4 ig a bar diagram showing the regults of the
dengitometric analysis of myocsrdial collagen content on day
0 and 48 hours post MI (10 random fieids per section). TEP2-

sull mice failed Lo mount & reactive

rosls 48 hours alfber
MI compared to wild-type mice. *, p«0.01, wild-iype ve null
straing 48 hourg post MI; #, pe0.0%L, day O vs 48 hours post
MI din wild-type mice.

Figuxe 5 shows photo- and electron micrographs of the
infarcted lefn wventyioular wall. Hasmaioxyline/Eosin stained
gection showing intact malrix around che blood vessel wich no
evidence of interstitial hasmorrhage in wild type mice (a).
Extansive Lisgun destrdcticn and inberstibial bleeding (*)
in TSP mice {b}. Blectron micrographs from the infarcted
left wventricular wall (wild-type strain) {¢}. Note relatively
weil maintained vascular and watrix aschitecture. Sections
from TEPZ2-null mice zhowed widespread damege of the
myocardial matrix and hasmorchange {*) in interstitial avscas
{d}.

Figure & shows the haemodynamic parameters of HF-S,
gF-8 and ARE treated rats. Haemodynamilo angsesgment of Ren-2
transgenic ratg with and without ARB (0.05 mg/kg/day
candesartan from 7-11 weeks}! administration. A, LVW/RBW{%), a
reprezentative measurement of left ventricular hypertrophy.
B, LW/BW(%), indicated the development of congestive heart
Yailurxe and, ¢, LYELDD shows the extent of diastolic
Gysfunction. Both HP-8 and HY-R animals had lefr wenbrigular
aypertrophy. High fibrosis-secore animals nad higher LW/BW and
LVEDE . The parametsrs weve reasayed hefore the sserifice. N=4
each for HF-S and HF-R and B for BREB. *, P <0.05 in HF-3 vs
HF-R angd ARBE.

Figure 7 shows the results of lefn wventricular
collagen volume fraction analysis of picrosizius red stained

sections of rab mywcardium. The bar diagzam shows the
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quantification of LV interstitial collagen. 1, control; 2,
HF-R; 3, HPF-8; 4, ARB. M= 4 -6 each group; #, P < §.61 vs
contral: *, P o< 0.05 HF-S we HF-R; *+, P 20.05 in HF-R va 4D.

Figure 8 shows a dot blict of differentially sspresssd
gencs in Ren-2 rats. Galectin-2 mRMNA level was compaved among
HE -3, HF-R and ARR treated group of rate. Density and
diameter of the dote corrssponds directly to the Ievel of
gene expregsion compared tc 5D controls. A, Fhsopho-inager
scanned images from HF-5, HF-R and ARB treated rats
regpectively. The circled dots represent galectin-3 nRNA
expreggion. #, Bar diagram chowing the amount of galectin-3
guantified in densitometric units. N=2, each group and each
sample wag spotted in duplicates.

Flgure &. Immunoblob for galectin-3, cyelin B and
E2F.1. Expression lsvels in rat myocardial homogenates of
galectin-3: BL, representative blot; AZ, guantification in
densitometric units normelized to GAPDH; soyelin Di: BiL,
representative blot; B2, guantification in densitomstric
units normalized vo GAPDH.

Figurs 10 demonstrates the immunchistochemical co-
lonzlization of galsctin-3, macrophages and MHC-11. Parallel
sections obtazined Irom the ryoccsrdivm of BF-$ racs stained
with A, anti-galectin-3 wmouse monocicnal antibody
counterstbained with hemaboxyling: B, macrophage specific
anki-CDEE mouse monoclonel antibody; £, O%-6 mouse sanaclonal
antibody against MHC-II antigen. A different microscopic
field showing dense irfiltration of macrophages, D.
Macrophage infilvration in HF-R aniwals was sparsly sesn (B},
and wall preserved myoecardial morphclogy in €D controls, F.

Figure 11, Electro- and Echocardiographic assesment
of LVH and HY in human subjects and quantitatbive real-tine

PCR to assess wyacardial gelactin-3 gens sexpression.
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A, Left venktricular hypertrophy assezsed by Skowlow
and Lyon criteria {(SVI+RV5S >33 mmi. EF of less than 55% ig
congidered a degompensated state. B, Real-time PCR using
human galectln-3 probe. Galsctin-3 gene expression profilsd
in human myocardizl bilopsies. The results were normalized to
house-keeping gene, oyelophilin. H=6, *, P < 0.05 HF vs LVH.

Figure L2 shows galectin-3 nREA expressicn in 1L0-week

biopsies.

EXAMPLES

BXAMPLE 1

Throwbospondin-2: increased expressiop idsntifies failure-

prone cardiac hyvpertrochy

Cardiac hypertrophy increases the wisk of heart
failure (HF)} but, so far, it has been s difficult to
predict which hypercrophied myocardium will progress rapidly
to HF. According to the present invention it was reasoned
chat, apart from hypertrophy-related genes, distinet failurs-
related genes are expressed before failure ig apparent, thas
permitting melezular prediction of hypertrophied hearts
liable te fazl. Cardiac gene expression {13,326 clones) of
hypartensive homozygous renin-overexpressing {(Ren-2) rats
chat progressed to HE at 12-14 weeks of age, were couparsd
with expression by littermates that remained compensated f£o
17 weeks. Carciac biopeise taken at the stage of compensated
hypertrophy (10 weeks of age) allowed the inventors te tesr
whather altered expression of identified senes preceded larer
progression o HF. 49 genes thab were overexpressed in the
myocardium of HF rats were identified, of which matrix gsnes
comprigsed the Largest oroup. Thrombespondin-Z (T8P2) was

selecrively overexpressed only in biopsies Ffrom ralbs tha:o

JP 2014-115297 A 2014.6.26
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later progressed to HF, whila brain natriurstic peptide {BMP)
wiag, ab thig early stage, slevated in all rats. To rest Lhe
effects of absence of TSP2 on the cardiac matriz, myocardial
infarction {MI) was induced in TEPZ-null mice; thisg procsduxe
resyited in cardiac rupture in all TEP2-null wmice, but in
none of the wild type (WT) mice. In conclugion, TSP2 wag
identified as a novel and crucial regulator of the integrity

of cardiac matrix.
Materials and Methods

dransgenlo ratg and hemodynanic siudies

Homozyvgous Ren-2 rats were obtained from the Max-
Telbrick-Zentyum fiir Molekulars Madizin, Berlin, Semany. 30
male Ren-2 rats on a Spragus Dawley (5D} background and 2
age-ratched 8D rats as controls were studied. Of 30 Ren-2
rats, B were sacrificed ab 10-weeks of age and B were breated
wirh 0.05 wmg/kg/day of candesartan, an angiotensin 1T
recepter typs I blocker (ARB), from 7-1i1 weeks of age. 0Of
rhe remaining 14 untreated Ren-2 rats, 6 were sacrificed at
13 weeks upcon the development of clinical signs of neart
failare and designated ag HF-8 rats. The remaining 8 Ren-2
rats were closely monitored and were sacrificed at 17 weeks
when clinical signs of failure had not yet aspearved. These
rats were designated ag HF-R ratg. Hemodynemic paranmeters
were datermined befors sacrifice and aeart, lung and body
welght were nmeasured afber the sacrifice. The procedure for
care and treatment of animals was asproved by the

institutional animal care comnittee.

Biopcies from 10-week Ren-2 rate
A gsecond group of 12 Ren-2 and 4 8D ratsg were

anesthetized and the antarlior thorax was shaved at the

JP 2014-115297 A 2014.6.26
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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 Lrachea t¢ serve as a tracheal
canaula. The cannuiaz was connected to a volume-cycled rodent
respirator {(model 682, Harvard Apparatus, South Natick, MA)
on room air with a tidal volume of 2.5 te 3 ml and
respirvatory rate of BD bhreaths/min., Purther procedures were
done with visual help of a micro-dissecting wmicroscope. A 5
mn dincision at the left 4% intercostal space was mads to
access the thorax. After having a clear view of the heart, a
biopsy was taken using a cusZom-made .38 mm needle connocted
to g slowly rotating drill. The whole procedures lasted
approximately 15 mimutes. Jf the % Ren-2 rats Lhat survived
the operationm, 5 developed heart fallure bhetween 12-14 waeks
of age whereas the remaining four rats stayved compensated

unktil 17 weeks,

RMA isolaticn and reverse transeription

RNAE was lsclabed from lefc ventricies with an R¥easy
Mizil Kit, following the R¥Neasy Mini Protocol (QIAGEN, Hilden,
Cermany), and stored at -80°C. The quality of the axtract was
measured using the Fukaryote Total RMA nanc-asgsay in & 21060
Bicanalyser (Agilent Technologies, Amstelveern, The
WNerheriands) . RNA wag lsclatsd from 10-week ral neart
biopslies with the PicoPurs RNA Isclation XKit {(Arcturus, Ca,
Usk ), according to manufacturer's instructions. The RYA was
crangscribed into ¢DWA with reverse transcriptase, using 2350
ng of random primers (Invitrogen Life Technolog:es, Breda,

The Netherlands) .

cL¥A microarrays
CDNA clones isolated from 3 normalized rat oDEA

library were chosen for analyeis on microarzays ueing an

JP 2014-115297 A 2014.6.26
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Ineyre GEM-2/0EM-3 rat oDNA library (total 132,336 genes) .
PCR-amplified inserts of azch oA were printed as high-
density arrays on trested glass surfaces. Duplicate
hybridizazions were performed on thess array slements with
twa 8D and six Ren-2 wal myccardial mRRAs at 3 different time
poings. Log transformation of the values was done in order to
homogenize the data, and only differences in expression of
»L.7 fold were considered differentially expressed. The
protocel for data mining and valldation was adopted, as
detalled previously (Tan et al., Proc Nabl Acad Sci. 55:
13347-11282, 2002; Bandman et al., Ann NY Arad Sci., 97%: 77-
80, 2002).

Sequencing, membrane spotting. and ¢DNA hybridizatioa for
magroarray

Ciones of the differentially expressed genes
Sdentified by microarray were cobtained from Incvte genomics
and sequenced with a 5/ -GETGACACTATAGAAGAGC-3' primer =
{Buroygentec, Seraing, Belgium). After confirming the identity
by sequencing, the plasmid inserts were amplified by & PCR
reaction with 8° -ACCATEATTACCCCARGCTC-2¢ and 17 -
ACGACGGCCAGTGAATTGAR -5 primers. Bach ¢lone was then spotied
in duplicate on aylon membranes {macroarray). The dot blots
were scanned with a personal Ix-phosphs imager (Cyclone
System Packard, Meriden, CO, USA). Individual hybridisation
signals were identified and guantified densitemetrically
using Quantity One, Version 4.2.3 software (Biokad, ¥unich,
Germany} . Glyceraldehyde-3-phosphate dehydrogenase (GAPDH!
wag gelected as 2 housekesping gene for internal

normalization of the blots.
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Bioinformatic analysis

Bioinformatic acalysis of the protein saguences
translated from 49 HF-specific candidate genes, selected from
microarray anaiysis and multi-sitep data-mining strategy, was
performed. Based on the annotatlong of their biclogical
functions, three candidate genes, previougly not identified
in myoeardium, and that encods matrix-related proteins, were

chosexn for further testing by real time PCR.

Primars, probes and real-time PCR

Primers asnd probes were designed from rat sejguences
avallable in GenBank™ using Primer fixprass Softwarsa {(PE
Appli=d Biosystems, Poster Circy, CA, USA). Probes were
desigmed from conserved exom splice siles derived from the
Ensernbl-Mouse denome Sequencing Consortium and Snsenmbl -Human
Gerome Browser, thus preventing recogrition by the assay of
any potentially contaminating genomic DNA (Tablie 1}. Optimal
PCR conditions were found to be 12.5 wml 2x PCR Master Mix Sor
Tagman™ asgays, with a final concentration of & md MgCl,, 300
oM of each primer, 200 nM probe, and 10 pg cONA-templarne in a
total wvolume of 25 wml. Amplification and detection were
carried out waling the ARI Prism 7700 Ssquence Detection
System {PE Applicd Riogystems, Foster Civy, CA, USA). The PCK
data were reported relative to the exprassion level of the

housekeeping gene, cyclophilin A.

Bxperimental MI and norphometyy in TSP2™ mice

Myocardial infarcticn was induced ir 22 wild-type
{123 SvJ strain) and 15 ©8P2- pull mutant (T2P27°) mice by
occluding the left anterior descending coronary artery. Two
shami-operated mice were used as controls. These mice were
killed, after ether angsthesia, by injecting L ml 0.1 M 0dUls

inte the vena cava. The heart was perfusion-fized with 5%

JP 2014-115297 A 2014.6.26
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buffered formalin for 10 minutes znd immersion-fixsd
overnlght in 10% buffered formalin., Tissue specimens of wild-
type and TSP2™" mice were evaluated using standard elechron
microscopical techniques.To guantify the extent of fibrosis,
computarized planimetyy was performed in seven randooely
selected fields psr section. Each field repressnted & 400 um
area. Coilagen ares was gquantified selectively from left
ventricular interstitium excluding perivascular and
epicardial collagen. Collagen area [raction was calculated as
the ratio of area sgrained by pilorosirvius-red o tovpal
myccardial area per field. The datails of the pyooedure have
baeen reported previously (Cheravil et al., Proc Nabl bead Sci
USa, 87: 7324-7328, 1930; Cleuttens et al., Am J pathol.,
147 325-338, 1995} .

Statistical analyaes

Daza arve pregsnted a8 mean + SEM. The data for sach
study group {candesartan-treated and two groups of untreakbed
renin-transgenlic rats) were compared using one-way analvais
of varlances (BNOVA] in combination with a Dunnett post-hoc
analysis to correct for mulciple comparisons. BD rats wezrs
used as an intsrnal control cohort. Analyses were performed
using the statistical peckage EPSS 16.D {Chicago, IL, USA).
p-values «0.0% ware congidered to be statistically

significant .
Resulis

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

Hypertrophied left and right ventriclieg were noticed
in the 8 rats that ware sacrificed at 10 weeks and aluo in

cbher untreated rats Chat were sscrificed at larver daces. Wo
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LVH wag noticed in S0 ¢onprols. Six out of 14 Ren-2 rabs on
nlaceno rapidly transited towards overt clinical HE between
12 o 14 weeks of age and had depresssd cardiac functional
indices compared to the B rats that remained compensated
throughout the chservation period of 17 weeks. Pleuval
=ffusion and sharp fall in dp/dt,,, were noted in HF-5 rate;
thase changes were nob apparent in HF-R rats {Table 2}.
angictensic TI blockads completely prevented the development
of cerdiac hypertrophy and failure (LV weignt/body weight %,
2.82:0.36, de/de,, 8400:202) when evaluated in eacrificed
andwals ab i3 weeks.

Microarray revealsd 4% genes overexpressed in heart
failure susceptible rakes.

For micrcarray enalysis, we first examined biological
variability in gene expression betwean HP-S and HF-R groupd.
The expression levals of most genes in the two HF-5 and HP-R
groups were very similar. Out of a total of 312,335 genes
prefiled for expression, only 49 cenes supvived the multi-
step data mining strategy {Figure 1} and were overesxpressed
in IF-S rats. Nicotinamide adenine dinucleotide [NAD} trang-
hydrogenase was the only gene with redoced expression in
failing myocardium. HNotably, expression of cstecactivin,
TEP2, several pro-collagens and thronbospondin-1 were
increased. Many of the identified genes encode proteins with
known functions whereas others cerxrsepond to genes cof unknown
Function, including novel genes and genes not previcusly

detected in the heart.

Ricinformakic analysiz pointaed to threa novel cardiac matrix-
related genes

Since no information was available as to the function
cf many of the overexpressed genes in HF, we subjected all

the 4% genes o bioinformatic analysis, Inditially, we made a
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broad functional classification of the HF susceptibility
genes nging CeneFIND {(Gene Family Ddentificabtion Wetbwork

Degign) Syestem fhitp://wuwwonbri. georgatows, edul, which

combrines several search/alignment tools Lo provide rapid and
accurate gene family. This strategy indicated that most of
the cverexpressed genss encode matrix-related proteins.
Motanly, the funcrtions of 3 selected susceptibility genes
{ostecactivin, thrombospondin-2 and coliagen VI) were act

pravionsly reported in the wmyocardlum.

Macraoarray showed normalization of HF suscoptibility genes by
angiotensgin I blockade

To vonfirm the role of the remin-angictensin system
(RAS) activation in thiz angiotensin-driven modal of hearn
fmllurs, we re-assessed the expression of the target genes
identified by wmicroarray after treatling a subgroup of Ren-2
rats with a sub-pressor dose of candesartan from 7 to 13
weoks of age. In addition to improving the hemodynamicsa, ARDB
treatpent prevented cthe overexpression of all HS-related

candidate genes {data not shown).

Myccardial biepsy at 10 weeks showed TSP-2 upregulation in
rats that latser rapidly progressed to HF

To evaluyate the expresszion status of the 3 macrinx-
related genes in the myocardium befors HF becama
hemcdynamical ly and clinlcally apparent, we developed a
technigque to obiain cardiac biopsies in the spontanscusly
bhaabting rat heart. After bhiopsy, the rat was allowad to
recover to determine whether it would prove to ne resistant
or gusceptible to hear:t failure. This novel approach allowed
ug bo establish the leveld of gene expression before failure
bzrame apparent. TEPZ axpression was significantly incressed

at the early hypsrtrophy stage {10 weeks) only in those rats
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that developsd rapid cardiac decompensation witain 22-1a
weslks (Figure 2a), while it was not upregulated st this stage
in the rats that subsequently ramained compensazed, nor in
non-Lrensgenic contrel rat hearts. Expression levels of other
E¥ relsated candidate genes, such as ostecactivin {Figure Ib)
and coliagan VI {Figure 2¢), were increaced in the eaxiy
bypertrophy stage both in the rats that latar failed, and in
those thah remainsd compensataed compared ro controls.
Importantly, the widely used wmarker of cardiac hypertrophy
and FTailure, wag wpregulated in the 10-week biopsy in all
rats irrespective of later compensation or failure and could
therefore not distinguish failure-prone from falluxe-
resigtant rars (Figure 2d). In accovdance wibh our initdal
microarray studies, expression of these 3 genes further
increased to more than 2-fold of their 10-wsek expression
levels upon the development of heart failuze. Compensated
rats, despite having high ostecactivin, collagen VI, and BNP
at 10 weeks, had nc further significant increase in the
expragzion levels of these genez upen the sacrifice at 17

waaks (data not shown) .

T8F -2 knoeck out (TSF/) mice caanot survive acdute myocardial
infarction

In contrast Lo various rat models of heart failure,
there are no caraiully documented mounss modalas that
consistently devalop hearc failure in response to pressure
overload. Tﬁ&r@ﬁnre. we infarcted the anterior myocardium in
22 wiid-type and 16 T8PZ°" mice to addvess the hisclagical
role of TSP2 in agute myocardial structiural danage and
conseguently, rapld cardiac renodelling. Infarction was not
telerated by TEP2-null mice, since all mice died from cardiac
rupture within the first 72 hours sfter MI. On the other

hand, 100% of the wild-typs mice that did not guccumb to
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immediate post-operative complications survived {(Figure 3).
Computerized movphometry, 48 hours post-MT, showed an
spparent complete lack of reactive incremse -n myocardial
collagen in TSP2-null compared o wild-type mice (0.38:0.C35%
and §.7010 .04%, reaspectively; p<0.05) (Figure 4} . Light and
elactron microzcopy revealed extenzive digsyuption of
myocardial matrix in TSP2-null mice. None of Lhe wild-type

mice demonstratzd this phenctype {Figure 5}.

Discugsion

It was demonetrated in this study that increased
cardiac expression of TEPZ identifies those hyperirophiesd
hearts that are prone to progress to overt heart fallure. It
was Turther shown that TSP2 is reguired fo mount an effective
responge to acute cardiac loading. In contrast, known markers
ol hypertrophy like BNP were invariably iacreased in all
Toms of cardiac hypertrophy and therefors could non
digtinguish between Lailure-prone and failure-resistanl forms
of hypertrophy.

Al though the family of thrombospondins has been
studiad sxtenglvely In vasolar and thrombotic d¥seases,
there are no reports that substantiate an ilwmportant role fov
thrombogsponding in heart failure. Our findings suggest thac
TEPZ may perform, directly or indirectly, & cruclal funotion
in cardiac matriz biclogy.

TSP2 s a seqreted matricellular glycoprotein whose
functions are diverse and iacompletely understood. Since no
cloge orthologuss of T8P2 were found in the genomes of
Casrprhabditis elegans or Drosoghila, 16 appesars thab this
protein has evolved to cope with the iocressed complexity of
cell-matrix interaction irn vertebrates. As evidence for a
role of TSP2 in the organization of the extracellular matrix,

pravious studies in TSP2-null mice have shown that loss of

JP 2014-115297 A 2014.6.26
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Z2 expression resulte in abnormaily large collagen fibrils
with irregular contours. Furthermore, the skin of TSPZ- null
mice iz f{ragiie and has reduced tenzile strength. TEF2-null
skin Fibroblasts ave defective in thelr attachment to a
supstratum and have increased levels of mabrix
mebal logroteinase-2 (MMP-2) in their culture. The ocurrent
gtudy has identified two, apparently contradictory, functicns
for TSP2 in Lhe myocardiuwn. In chronic hypertension in Ren-2
rats, iacreaged cardiac expression of TAPZ identifjes thoge
animals that are prone to heart fallure. While this response
would eppear Lo indlcate thatb expression of T892 is
detrimental, it is likely that the response reflecis a
heightenead, previousiy activatad , injury response in rats
that later progress to overt failure, in cowparison with the
response in rats that remained compensated for a prolonged
period of vime. It is well established that the expression of
TEP2 is characteristic of the response to injury in adult
animals. On the other hand in expesrimental myocardial
infarction in mice, the pressnce of TSP2 clearly protects
against cardiac rupture. While the twn axperimental systems
are difficult to cowpare because different species are
invelved and, in the case of TEP2-null mice, complex
comgengatory changes are likely to be present, both sets of
resuilia are consistent with an iwmportant role for TSP2 in
genrrating 8 fully funcrional exsracelliular matrix after an
injury. In the case of excisional akin wound healing in P8b2-
null mice, the abegence of TOP2 appears to be beneficial
pecause In bhis particular form of wound healing the
resulting increase in angiogenesis and in MMP2 accelerate
healing, despite the pre-exizting gtructural changes in
collagen fibers that are kpown to be present in this tissus.
Howsvey, it 18 suggested that the prior intrinsic weakness of

cardiag ¥lssue, duw to similar abnormaliitiesz in the matrix of
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the myocardiam, predispose to cardiac rupturs after
infarchiea.

The present date suggest that increased cardiac
exprogsion off TEPZ precedes progression to failure. Since it
ig known that thrombosponding can bind fo dntegring ik is
posgible thak T8P2 wmediates pro-fibrotie effeckts via integrin
gigraling. Rsoently Zhang st al.{J Clin Invess 111: 823-8471,
2003) reportad that mice with hapleirsufficlency of the
adaptor protein gene, Grb2, are resiatant to gardiac [ibrosis
in response o pressuze overload. Grb2 is recruited in
integrin-mediated activation of focal adhepion kinase thac
ran reswlt from mechanical stresgs. In our gtudy we Ifouad that
1 integrin was emong the genes whose expression was clearly
incressed in the hearts of hypertenslve RenZ rats and was
furcther increased in failling hearts. This finding was
subgtantiated by ocur recent cbhservation that the stretching
of gardiac fibroblasts in vitre increased protein levels of
Bl integrin (8. Pokharel and Y.M.Pinbo, unpublished deta).

it ghould be noted thar the picrosirius red staining
technigue for gquantification of collagen reliss on the size,
alignment, amnd packing of cellagen fibres to show visible
polarization of orange-red colour. Since TSPR-null mice have
an abnormal collagen Libril and fiber structure, specifically
leee organizexd fibers and irregular and larger fibrils, the
pirefringence that wagz measured could have been affected by
these changes.

in conclusion, according to the present invenbion it
is proposed that TBP2 functions as a crucial regulator of the
integrity of the cardiac matrix. Since increased
extracellular matrix formaticn characterizss both
experinental and clinical forms of pressure overload-indoced
neart failure, the sarvly expression of TP may reflect a

matrixz vesponss that is crucial in the transition from
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compensat ed hypertrophy to heart failure. These obgervations
show that early detection of cardiac overaxpression of TSP2
can identify those hypertrophied hearts that sre susceptible
Lo heart Taliure, and may facilitate sarly identification and
possibly treatwent of patients that are prone to progress Lo

heasrt failure.
EXAMPLE 2

Galecbin~3 Marks Activated Macrovhadgesg in Hypertreophied

Hearty Prone to Failure

The increased wyocardial expression of macrophage chemo-
atrractant proveins and various cytokines has suggested that
macrophages are involved in heart failure (HF). However, it
is unclear whether macrophages merely respond to already
established injury, or are actively invoived in the early
stages cf HF. To study these mechanisms in hypertensive HF,
che inventors employed homozygous hypertensive TGR{mRenljZ7
{Ren-2) rats. These vate invariably develop cazxdiac
hypertrophy by the age of 10 weeks, whereafter some remain
compensated up Lo 17 weeks, while others progress to failure
and death around age 12-14 weeks. This study shows thab
cardiac galectin-3 expression specifically marks
hypertrophied hearts prone o progress co Failure.
Macrophages appear toc be activated early and specifically in
failure prone nypertrophied hearts and macrophage derived
mediztors like galectin-2 may sontribute to the developmen:

of cardiac fibrosis and progression towards HF.
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Materizls and methods

Transgenic rats and hemodynamic studiles

Homoryogous Ren-2 rats were obtained from the Max~
Delbrick-Zentrum fir Molekulare Medizin, Bexrlin, Germany. We
studied 16 male Ren-2 rsts and B age-matohed controis from
the non-transgenic background, Sprague Dawley (8D} rats. 0f
the 15 Ren-2 rats, B were treated wivh 0.03 mg/kg/day of
candesartan, an angictensin 1I receptor type I blocker
(BEEY, from 7-13 weeks of age. Within B untreatszd Ren-2 rate,
2 were sacrificed st 13 weeks upon the developwent of HF. The
remzining 4 Ren-2 racs were monitored and were sacvificed at
17 wesks when signs of clinieal failure had non appearsd.
Hemodynamics was teken at 10 weeks and before sacrifice.
Hesrt, Jung and body weight were measured afcer the
sacrifice. The procedure for care aad breatment of anlwals

was approved by the instiruticonal animal cares commithes.

Myogardial bhiopsies Erom 10-week Ren-2 rats

A serond group of 12 Ren-2 and 4 5D zats wers
anegthetized and a blunt 20-gauge needle was placed in the
Lrachea to gerve as 2 tracheal cannuvlia, which was connected
to a volume-cycled rodent resplravoy (model 683, Harvard
Apparatus, SBouth Natick, MA) on room air with a tidal voluwe
of 2.% ta 3 wnl and respiratory rate of 80 brsaths/min. With
the visual help of a micro-dissecting microscope, a § mm
incision at the left 4™ intercostal =pace was made to access
the thorax. Biopsy was vaken uging a custom-made §.35 mm

needle,

CDiiA microarrays
oA clones isclated from a normalized rat oDNA

Library {cotal 12,336 genes) were chosen for anslysis on
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microarrays {(Incyte Genomics, CA, USA, rat GEM-2/3). BCR
amplified inserts of each cDNA were printed as high-dsnsity
array on glass surfaces. Duplicate hybridizations were
performed on these ¢lass chipe with two 8D and gix Ren-2 Tat
myocardizl mRWA at three different time points. The target
genes that showsd statistically significant {P<0.001) changes
in expregglon with at least 2-fold overexpression in HF-3
group were reprinted onto @ sub-array for further analysis sc
chai the genss were independently assegsed four times to
improve the level of reliability. The protocol for data
mining {Tan ¥iL ot al., Proc Natl Acad Bei., 9%: 11387-113932,
2002) and val idation was adopted, as detailed previously

{Bandman 0 et al., Ann NY Acad 8ci. 975: 77-90, 2002).

Primers and probag v

Primere (forward, L' -COCCACPOOACCACTGACA-3', reverse, 54--
CAGCRIGCGASGCATGACT-3 “and proba, 57 -

TCCCCTACCATAT GCCCTTECCLG-3 1Y) specific Lo galectin-3 were
designed from seguences available in GenBank™ uzing Primer
Express Scftware (PE Applied Biosystems, Foster Ciby, A,
UsAY .

RN¥A isolation and real time PCR

RiA was isolated from rat left ventricle with the
Rijeasy Mini Kit following the ENsasy Mini Protocol (QTAGENM,
#ilden, Germany) and stored at -80°C. RNA was isolated from
rat heart biopsies with the PicorPure RNA Isolation Kit
{drcturua, CA, USA} according to manufacturers instructions.
Optimal PCR conditions were found £o be 12.5 jur 2x PCR
Master Mix for Tagman™ assays with final concentracion of §
wd MgCi;, 200 nM of each primer, 200 nM probe and 10 gy cDNA-

mewplate in a total voluwe of 25 pi.
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Sequencing, menbrane spotting and oDNA hybridization for
nacroarray

Clones of che differentisally exprazssed gsnes
idencified by microarray were obbtained from Taocybe genomics
and gequenced with 5°-SGTGRCACTATAGAAGAGC-3' primer
{Eurpgentec, Seraing, Belgium)., After confirming the
identity, the plasmid ingerts were amplified by PCR reaction
with the 57 -ACCATGATTALGUCRAGCTC-3¢ and 37 - ST
ACGACGGCCAGTGAATTGAA-E" primers. EFach clone was Lthen spotted
in deplicates on nylon membrane {macreoarray}. The dot bloks
waye scanned with the persomal fx-phospho imager (Cycione

System Packard, Meriden, (G, USBAj.

Protein isoclation and Western blotting

Protein iselation and Western blotting was performed
ag described proviouslys. Primary actibodies [(Galectin-~3,
Rioreagents; BD-1 and OX-6, a kind gift from Dr. M. de
wincher, Department of Molecwlar Genetlos, University of
Mzastricht, The Netheriands)] were dilubed 171000 in tris-
puffer saline with Cwean-20 (TBE-T). Sscondary antibody
(horgseradish-perosidagse conjugated IgS, Cell Signaling
Technology) was diluted 172000 in TEE-T. Protein bands were
visnalized by enhanced chemiluninegeence (BCL, Bmorshan,
Brlington Heights, 1L, USA} according to manufacturer's

instructicns.

Imrmuachistochemistry, galectin oytochemiztry and confocal
B O OSUORY

The expression of calectin-3 and accessible binding
sites were vigualised by a specific anti-galectin-3
monsclonal antibody and biotinvlated galectin-3, as described
previcualy {Gabius et al., Anal Biochem.: 189: 91-94,

1980}, As detailed eluewhere {(Bndre et al., Chembicshem. 2:

JP 2014-115297 A 2014.6.26
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822-830, 2001) galectin-3 wag hiotinylated under activity-
preserving conditions. In confocal laser scanning nicroscopy,
galectin binding sites were detected by ZIT(C-labelled avidin.
A Texag-red labelled sscondary antibody was uged Lo vigualige
immunocytochemical 1y the proliferating nuclear antigen
{PCNA) . Further details on bthe procsdure are avsiiable
elsewhere (Broerg et al., J Cell Hci.: 112 (Pt 20}: 3483~
347%, 1998} .

Cardiac fibroblast preliferation and preline incorporation
ABEAYS

Rat cardisc fibrcblasts were isclated from 2-day-oid
necnatal Sprague-~Dawley rabs, as described previously
{Pokharel st 231., Hypervensgion, 40: 155-161, 2002). Cells
were culiured in Dulbececo's modification of eagle's medium
{IvEM) supplenentecd with 10% foetal hovine serum (FRI), along
with 1% I-nglutanate, S0 U/l pepicillin, and 0.1 g/u
streptamycin, and weres incubated at 37°C in a humidified 5%
oy, atmosphare ., Teancy-four hours after seeding, cells wers
made guiescent by incubation with media containing 0.5% FBE
far 24 hourg. Cell s ware then rreaned with marine recombinant
galectin-3 (control, 10Mg/ml and 30ug/ml) for 24 hours. The
number of dividing cells was determined by radic-laballed
mathyl- (PH] thymidine incorporation (0.3p01 per well) assay.
Radicactivity was measured in the mixture of fibroblasts and
sointillation liguid using LXB-Wallace beta counter (BESA
Laboratory Supplies, Loughborough, UK.
secreted collagen was measured uysing a [“Hipreline
incorporarion assay. Brielly, vardiac fibroblasts were sseded
in §-well plates &t 3¢-100% confluency. DPuring the final 24
hours of incvhation, L5UCi/wl of L-[PHliproline was added.

Incorporatad ["Hiproline from the condition medium was
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precipitated with 10% vrichloreaceric acid {(TC3) and counted

with the scintillacion counter.

Btatistical analyses

Data are pragented as mean + S5M. The data for each
study were compared using one-way analvsis of wvarlances
(BNOVA) in combination with a Dunneti post-hcoc analysis to
correct for meltiple comparigons, wsing €D rats as intsrnal
control cohort. Analyses were performed using the statistical
package SFEE 10.0 (Chicago, IL, USA). P-values <0.0% were

considered to be statlstically significapt.,
Resules

Deterierated ardiac function and cardiac fibrosis in HP-8
rats

Hypertrophied left and right ventricles in B placebo-
treated rats ware observed. In contrasgt, there wag no
increase in LV in candesartan trezated rats and non-iransgenie
controls. Four out of B rats without trestment developed
overt clinical HF between 12-14 weeks of age, which was
zcoumpanied by indices of depressed cardiac function. The
remaining 4 ravs ramaired cowpengated during ths stady pariod
vi 17 weeks. Overt HF with pleural effusion {Iung weight/hody
welght #%: HF-Z, 10.6120.7 vs HF-R, 2.57:0.%, P «0.00l) and
elevalbed lefr ventricular end-diastolic pressure (LVEDPY was
apparent in HF-3 rats, which was not present in HF-R and or
ARB treated rats (Flgure 6 a, h and ¢). AL 10 weeks all the
valcebo-treated Ren-2 raks had LVH bur no haemodynamic
evidence for decompensation {LV weight/body weight %: Ren-3,
3.88:0.08 vs non-transgenic controly 2.15:20.2, and dp/dr, .
Ren~2, 385564296 v§ non-transgenic conkrels 87804373 .

Myocardial collagen content, determined by compuber-aseisted
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densitometry, revealed higher degree of cardiac fibrosis in
tha HF-B yate compared Lo HF-R vabts. ARR normalized LVH and
ayocardial collagen content so that it remained comparabls to

that of the normotensive background strains {(figure 7).

Migroarray reveals sbundance of immure-.rslated gemes in HF
susceptible rats

Firatly, we examined the biological wvariabilipy in
gene expression between HF-5 and EF-R groups. The expreseion
levels of nost genes between pairs of samples Frow both
groups were highly corxrelated. We focused on the
differentially axbressed ganses between the falling and non-
failing hypertrophied hearts. Log transformation of the
values was done and only statistically significant (F<0.05)}
differences in axpression levels exceeding the Z-fold
threshold were considered to be differentially expresszed.
Galaectin-3 energed s the most prominently overexpresssd gene
with more than 5-fold rise in HF rats (Table 3). Of interest,
major histocompatibity complex antigen II (MHC-IT) and
immunoglobulin receptors geres ware among these oversxpressed

geres.

Macroarray reveals normalization of HF susceptibility genes
by angiotensin IT bioockada

To validare the differentially expressed genes in EF,
we firgt confirmed the identity of the clones by sequencing
and consequently re-spotted thegs gsnes onto nylon membrane
imacroarray} for repeat hybridization in separates biological
gamplies. This also yielded an overexpression of seven major
index genes initially identified by microarray. To confiym
the role of renin-angictensin system {RAS} activation in this
angiotansin driven model of HP, we re-assessed the expression

of the target genes identified by microsrray after treating a
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subgraup of Ren-2 xats with a subpressor dese of candesartan
frem sevsn £ill 13 weeks of age. Anglotensin I1 klockade
compretely preventad the development of cardiac bypsrtrophy
and faiiure. On the level of gerne expressgion, it prevented
the oversxprassion of all HF-related candidate genss.

MNotably, galectin-3 gene expression was also preveated.

Western blotting shows high galectin.? expresssion in failing
myacardium

Given the wobust transeriptowmal increaze in galectin-
1, we focuzed on ite provein levels in the myocardiom.
Comparable to the results obtaipned in micro/macrcarrys, the
highest level of galectin«3 expression wasg obssrved in the
same group of animals that had highest degrez of cardiac
fibrosiz and rapidly developed cardiac decompensation by 13
weeks (HF-3, 94.6:8.8%: HF-R, 35:5.4; P <« 0.01} {Figure 8 a
and b).

Co-localization of CDEB positivity, MHO-II antigen and
galectin-2

We monitored the distribution of galectin-3 in the
rat myocardium by immunohistochemisbry. Histologieally, HP
susceptible rats revealed patchy areas of and fibrasis. The
arxchitecture of the tigsues in non-affected areas was well
preserved. In contraskt, these areas of high fibrosis were not
seen in AR3 treated and 3D rats, and alse ncok in
hypertrophied non- failing EF-R rats. Importantly, galeotnin-i
positive areas showed pronounced tissue damage and high level
of fibrogis. Morphologically, galechin-3 positive cells were
rather large. To confirm the asgsumption that thess cellys were
macrophases, we analyzed the zerial sections with a
macrophage specific antibedy (ED-1). Galectin-3 positive

areas co-localized with the macrophage specific staining.
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These macrophages stroengly expressed MHC-II antigen too,
indicating an active role of these cells in antigen
presentation. PThese characteristics weres not evident in HF-R

rats and non-tranggenic controls.

Galactin-3 binding sites in cardiac fibroblasts

Having dafined strong expregsion of galectin-3 in
macrophages, we determined wherhary galsctin-3 binds to
cardiac fibroblasts. We used the biotinylated galectin-2 to
visualize galectin-3 binding sites on cardiac Eibroblasts. ﬁn
0.1% Triton-permeabilised cella, pragense of galsctin-3
binding sites resulted in diffuse cytoplasmic as well as
perinuclear staining in resting cells {Figure 10 a). In
contrast, proliferating fibroblasts showed enhanced staining
around the nucleus, revealing a mirosis-related alrneration in
gtaining profile {Figure 10 b). This pablern was
independently monitcred by confocal microscopy. In faot,
these experiments ccnfirwed compact presence of acgessible
galectin-3 ligands arcund the nucleus in proliferaving {1.e.,
PCNA positive) cardiac fibroblasts [(Figure 10 ¢, 4 and e)
evocative of reflecting cell cycle activation in galactin-3

overexpressed state.

Galectin-3 induced fibroblast proliferation and collagen
predustion

Having rhus provided evidence for presence of
acvessible sites in the cardiac fibroblasts, we determined
whather galectin-2 stimulates thes growth of cardiac
fibroblasts. Using recombinant galectin-2, we performed
proliferation assays. Galectin-3 was added in different
concentrations (0, 10 and 20 ug/ml} with and without serm
enrichment . We obsgerved significant incresse in cardiac

fivroblast prolifervation with 10 and 30 pg/al exogenocus
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galeesin-3 over 24 hours (gs.ectin-3 at 30 uo/ml, 347217.%
countg per minute (cpm} ; galectin-2 at 10 ug/ml 309:24.8 cpm;
control, 145:x4.8; p <« 0.01). We then monitored the collagen
production by cardiac Fibroblasts with the addition of
exagenous galectin-~3 ueing radioactive proline-incorporation
agsays. With 30 ugfml of galectin-3 in the medium, ths
proline incorporation increased by approximately 68%
{galecbin-3 ac 30 Pa/ml, 1066x56 cpm; <ontrol, 707:52.8 cpmy
pel.058). Lower concentration of galectin-3 Lailed to produce
gigniticant effects (galectin-3 at L0 ng/ml 222:72 opn;
P=0.13}.

Myocardial biopsy at 10 weeks showed high galectin-3
expression in rats that later rapidly progrogssed to HF

To gvaluate the expression status of galectin-3 in the
myccardium before (iF became hemodynamicalliy and clinically
apparest {i.e., 10 weeks of agel! we developsd a rechnigque to
obtain cardiac bicpsies in the spuntanecusly besting rat
heart . Alter bilopsy, the rat was sllowed to recover to
determine whether it would prove to be resilient or rather
susceptible to HF. Measured by real-time PCR, myocardial
expression of galectin-3 gene was increased only in the rats

that iater progressed to HF (arbitrary upits, 5.8+0.17),

while it was expressed at relatively lower levels in the rats

that subseguently remained compensated (3.4:0.2), and in non-

transgenic control rat hearts {2.5:0.033) (Figure 132}.

Dipcussgion

The current svudy aimed to identify the mechanisms
recruited gpecifically in the hypertrophied ventrigles
transited to fzilure. We demonstrated that galectin-3, a

macrophage expressed protein, iz early and specifically
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expressed in failure-prone hypertrophied hearts. Furthermors,
we establish that galectin-3 birds to dorracellular binding

sites in cardiac filbroblasts and activates cardiac fibroblast

e

sroliferation and collagen production, suggesting that this
can contribute to myocardial stiffness and probably
progression howards HF.

Previous studies have suggested a role for
macrophages and inflammatory responsss in HP. These sgtudies,
however, have left the guestion unanswersd whether maorophace
activation preceded or merely accompanied HF. Furthermcre, an
explanatior on the specific mechanisms that link macrophages
to cardiac fibrasis was also lecking.

Tdentified first as an antigen on the surface of
peritoneal nmacrophages, galectin-3 is the only chimera-type
meitber of the galectin family. It has a lectin group sharing
calcium-independent speeificisy te B-galactosides as well as
proteing and ig located in the phagocytic cups and phagosomes
ot the macrophages . Desides its anti-apoptotic and growth
promoting actlons, gaizctin-3 also regulates monooyte
chemotaxis, chemokinesis and wodulates the availability of
cytokines. Purthermore, recent studies have also suggested
that galectin-3 plays a critical role in phagocytosis by
nacrophages when cross-linked by Poy receptor [FovR)}.

Interestingly, we alsoc observed the overexpression of
FeyR  in our HF models ({Tsble 3).

The biopsy optained from 10-week oid rats showad an
increased galectin~3 expression only in the rats thas
transited to rvapid failure. Given the pro-inflammatory and
fibroblast growth promobing actions of galectin-3, the
incressed expression at this stage may contribute to a
failure-conducive environment. In agpordancs with our
findings, galectin-3 expresszd by liver-analogues of

macrophages (i.e., kupffer celis), have been iuwplicated to

JP 2014-115297 A 2014.6.26
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induce the gynthesls of excess fibril-forming collagens in
liver. This suggests that galectin-3 ig a macrophsge related
pro-fibrotic mediator and yet ansther inflammatory infiltrate
aytekine with the potentlal to influence cardizc remodeling
in conditions charaterized by macrophage infiltration. An
alternative hypothesis on how galactin-3 could add to the
progression towards HF ewmerges £rom the discovery of
galectin-3 as the third receptor for advanced glycogylation
end-products (RAGE-3), that have critical role in collagen
crose-linking and wyocardial stiffness.

We also document that galegtin-3 bhinds to
intracellular receptors and induces cardiac fibroblast
proiiferation aud accentuates collagen producticn. Though
cricinally discovered as a carbohydrate binding protein,
galectin-3 is known to specifically interact with
intrazellular targets besides glyczoconjugates. Frevious
studies have proposed several molecules as galectin-3 binding
sitas including, Mac-2 binding protein, ané laminin. However,
it s srill not kXnown what induces the rapid perinuclear
migratzon of galectirn-3 binding elements ir proliferating
nells. Whether it is an sxport of galectin-3 binding sites
from the dividing micleus {(centrifugal migratiom) or it is a
directed cytorolic fto nucleay transition (centripetal
migration) of these receptors, needs further exploration.

The current stcudy suggests a key vole for immune
system activation and galectin-23 production in the
progression frow left ventricular hypertrophy to BFE apd
dewonstrates a link between pro-immune and pro-fibrotic
factors. The increased expression ol galectin~3 preceding HF
can reflect the early and absrrant activation of macrophages
in hypertrophied failing wventricles. Salectin-3, in furn, can
relay signals Trom sctivated macrophages to cardlac

fibroklasts. Peripher®l detection of galectin-2 can serve as
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& precictor of HI and therapeutic inchibition of galectinw-3
action can become s novel therapeutic targsb to counteract

excess cavdiac Libroais.
EXAMPLE 3

Evaluation of galectin-3  in Toman

i

Galecn in-3 levels were measuved in the gerum of
patients with cardiovascular dizease. A commercially
available kit to measure galectin-3 by BELISA was employed.
The results are summarizsed in Table 4-8. 1L was shown that
Galectin-3 18 significantly slevated in the serum of patients
with cardicovascular disease such as heart failure, LVH.
Moreover, an upper limit for galectin~3 levels in healthy
contral subjects was found, which is surpassed in most CHF
patierts.

According Eo the present invention it has thus for
the first time been demonstrated that measurement of
galectin-3 in the serum of human subjects reliably
distinguishes diseased from non-digeased subjects, and thus
provides additional information on non-myorytic diseasze

processes, in conjunction with known myocytbic markers (BHP).

Data tahles:

LWH= hypertensives. hypertrophy

CHE = heart failure

Iofi = inflammatory vascular disease

poscon= mixed group of digeasss

intfaract= infarcoion patients

Heaithy = heal thy concrols
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Table 1. Sequences of real-time guantitative RT-PCR primers

and probes of cardidate gene transcripts

Gene/primer Sequence (5°-+17) Pasition Species
Cyclophilin A {M193533)

Pwd GGAGAAAGGATTTGOCTATAAGG v 167-190 Rat
Probe TGAAGTCACCACCOTGGCACATGALT 219244

Rev GOCACCAGTGECATTATGE 245267
Thrombospondin 2 (3IM 214778) ,

Peed GAANTHYTCTACTTCTCAGACCTCAAG 603-620 Rat
Probe CCCTGCTCTCTAGGCATCTCTACACTCAT ¥ £31.659

Rev GCACACTOCTGOAGUTGGA v 791-800
Osteoactivin (INM_002510)

Fved GGACTTCATTGTGACCTIGCAAN 7 1350-17371 Rat
Probs CCACTCCCACGGAACCCTOTACCGAT 7 1376-1400

Ry ACCCTGTTCTGOGUGATCT » 1421.143%
Coliagen VI {TC322135)

Pwid CCOTCCFIGCAGGCAGAAC s BlE-834 Rat
Probe ATGCCTTGCAGATCAATAAC ACAGCAGTAGG 345-875

Rev CAGGAGGACCSAGAGCTCAT ¢ 97916

Brain natriuretic peptide (M25297)

Fwd GCTGCTTTGUOCACAAGATACGA ¥ 350-371 Rat
Probe CUTCAGCCCHICACAGUNTAA 194.-414

Rev GCCACGGAGGICTICCTAAAACA 416437

The probes wexe labelled at the 5’ and 37 positions with &-

carboxyfluorescein reporter and é-carboxytetramethylrhodamine

guencher, respectively. The position of the primers and

probes were amnotated according to the sequences derived from

GenBank {accessicn numbers given in parenthesis) . Pwd,

forward; Rev, reverss.

JP 2014-115297 A 2014.6.26
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Table 2. Comparisomn of hemodynamic parameters ab 10-week
thypertrophy, no HF}, 12 tol4-week (progrsssed to established

HF) and 17-wesek (compensated hypertrophy) rats

Parameters 10 wesks 12-14 weeks 17 wesks

{o=8) (276) {n=8)

KM Reu-2 R4 Ren-2 D Ren-2
LVW/RW 215602 3.BBL0.08T 221405 3.9109° 2575012 360405
dPidt,,,. 9010+373 85564296 92972221 3764+198™° 76128124 78142658
- Pt 804LL976  R200X482  Oa4R£514 32313312 GDITEBAS GO6TL654

LYW/EW, left wventricular weight corrected for body woight :
dB/db,, {(mHg/s), wmaximm rate of LV preassure rise; -dB/dt.,,
maximum zate of LV pressure fall; *, P <0.05 ve age matched

SO ratg; #, P <0.01 vy 10-week and 17-wesk Ren-2 rars.

Table 3. fequences for semi-guantitasive PCR and resl-time

quantitative RT-PCR primers and probes of candidate gene

transcripts

Geog/primer  Sequence (537 Species
Cyelophilin A (NM_0211 30}

Fwd TOCTGOHACCEAACACALATO

Probe TECCCAGTTITICATCTGCACTCGOCA

Rev TOCCATCCAACCACTCAGTC Hieman

tectin-3 (NM._DOZ306)

Fwrd CTCOCATOCTGATAACAATTCTG

Probe CUGTGAAGCOCAATGCAAACAGANTT .
Rev GUAACATCATICCCTCITIGS Human
MCP-1 (M57441)

Ped GOAGGTCTCTETCACGCTTCT

Rev GATGATCOOARTGAGTOHIT Ras

The probez were labelled at ths 5 and 3° positions with §-
carbaxyliuoresceln reporier and §-carboxyietramethylrhodamine
guencher, regpectively. The position of the primers and
probas wers annobtated according to the sequences derived from
GenBank {accession mumbere glven in parenthesis). Pwd,

torward; Rev, reverse.
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Table 4. Galectin-3, descriptives

(59)

% Cantidence intervat Tor
Mean
M I ean i, Deviation | St Geror { Lower Bound LUpper 8aund | Minimum | Madimum
LWVH 27 8,253 1,457 R 5467 6,388 37 &8
chi ] 8,392 1,848 295 8.7+ 9,880 5,0 131
infl 15 7427 1 8¥8 433 G, 458 5,356 4.8 0,5
fosUon 3 6,660 871 503 4,408 8,524 5.9 78
infarst & 8,347 262 515 4,962 7,641 £3 &85
heaithy 25 4,717 1,128 221 4,262 8,171 28 [X:]
TFotal 111 7,168 2,330 227 8,720 7,518 2.8 13,1
Table 5. ANOVA
Sumt of
SQuares i Mean Sqguare F Sig.
Beiwern mTolps 373,805 5 7470 30,832 400
Within Groups 254,454 105 2423
Totai 528,055 110

JP 2014-115297 A 2014.6.26
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Bonferroni
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(60)

fMean

Difference 95% Canfidence Irterval

(1) GROYP (2 GROUP {1} St Earor - Shg. Lewer Bound | Upper Bound
LVH hi EE &L i) 4,386 1,882
il -1,173 G521 357 2739 382

Frosann T . 407 U5E 1,000 3,286 2471

irifarct -6, 348E-0G2 TI7 1,000 2,217 2,080

heatihy 1,536 A5 o4 182 Y 2,881

chif LvH 3,139 415 060 1,892 4,385
intl 1,985 AT R 544 3,386

foscan 2,732 93z 083 -6, 09402 5,534

irfarct 3,075* 583 00 4,024 3,12¢

healthy 4575 294 RuY 3,481 5,658

infl LwH 1,173 A21 387 -, 382 738
whf -1,965* 473 a0 3,385 - 544

PRacon 787 ety 5080 2,191 3724

Trirarct 4,110 782 1,600 1,448 3,388

healthy 2,710° bai 1) 0ad 1,184 4226

poscon L. VH 407 968 5,000 2,474 - 32858
ozhf 272 933 263 5,834 5994502

Hati| v 98BS 7,000 3,724 b RT

nfarct 343 1,101 1,000 -2 9063 3650

hiealthy 1,043 H48 647 808 4,704

infaret LWVH £ B4RE-02 ek 1,060 -2.0580 2.7
=] 3,075+ 583 200 5,126 ~1.0724

imil -1,118 753 1,000 -3,36% 1,149

poscan - 343 i, 101 1,000 -3,650 2,983

Freakiby 1,600 F05 L3680 - 518 3,718

heathy LwvH -1,536" A51 014 -2.891 -, 182
ohf 4,875 594 i) 5,658 3,45

il -2,7100 505 000 -4,226 -1194

proscon -1,04% 949 547 -4, 764 RZE)

it -1.6G0 (705 380G -3,718 518

* The mean Jdifference is signiffcant at the .05 level,
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SEQUENCE LISTING
<110> Universiteit Maastricht

{120> Method for identifying a subject at risk of developing heart
failure by determining the level of galectin-3 or
thrombospondin—2

<130> P242042

<140> PCT/EP2004/010879
141> 2004-09-27

<150> EP 03078161.1
<151> 2003-10-09

{160> 29
{170> Patentin version 3.3

210> 1

211> 19

<212> DNA

<213> Artificial

{2200
<223> primer

<400 1
gegtgacacta tagaagagc , 19

210> 2

211> 20

<212> DNA

213> Artificial

220>
223> 5 primer

<400> 2
accatgatta cgcecaagetc : 20

<210> 3

211> 20

<212> DNA

<213> Artificial

<2207
{223> 5 —primer

<400> 3
acgacggoca gteaattegaa 20
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210> 4

211> 19

<212> DNA

<213> Artificial

<2200
223> forward primer

400> 4
cccgactgga coactgaca 19

210> 5

211> 19

<212> DNA
<213> Artificial

220>
<223> reverse primer

<400> 5
cagcatgoga ggeatgact _ 19

2100 6

211> 24

{212> DNA

<213> Artificial

<2207
<{223> prabe

<400> 6 '
teccctacga tatgocottg cctg 24

<210> 7

211> 24

<212> DNA

213> Artificial

{220
{223> primer

400> 7
geggagaaage atttepeggtat aage 24

<210> 8

211> 26

<212> DNA

<213> Artificial

{220>
223> probe
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{400> 8 :
tgaagtcace accciggcac atgaat 26

<210> 9

211> 19

<212> DNA

{213> Artificial

{220>
<223> primer

400> 9
gocaccagteg ccattatgg 19

210> 10

211> 27

<212> DNA

<213> Artificial

{2200
<223> primer

<400> 10
gaaatggtcet acttoctcaga cctcaag 27

210> 1

211> 28

<212> DNA

<213> Artificial

220>
<223> probe

<400> 11
coctgototc tagegcatetc tgcactcat 29

210> 12

211> 19

<212> DNA

<213> Artificial

<220>
<223> oprimer

<400> 12
geacactget ggagetigega 18

<210> 13

211> 22

<212> DNA

213> Artificial



<220>
{223> primer

<400> 13
gegacttecatt gtgaccigea aa

<210> 14

211> 25

<212> DNA

213> Artificial

<2200
<{223> probe

<400> 14
ccactoccac ggaagectgt acgat

210> 15

211> 20

<212> DNA

<213> Artificial

<220>
{223> primer

<400> 15
accctgttic tgggegatet

<210> 16

211> 19

<212> DNA

213> Artificial

<220>
{223> primer

<400> 16
cecteocttge aggeagaac

210> 17

211> 31

<212> DNA

<213> Artificial

{2200
223> probe

<400> 17
atgeoocttgca gatcaataac acagcagtag g

(64)
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<210> 18

<211> 20

<212> DNA

{213> Artificial

<220
<223> primer

<400> 18
caggaggace gagagceteat

<210> 19

211> 22

<212> DNA

<213> Artificial

<220>
{223> primer

<400> 19
goetgottige goagaagata ga

2100 20

211> 21

<212> DNA

<213> Artificial

{2200
223> primer

<400> 20
cctcagecocg tcacagecea a

210> 21

211> 22

<212> DNA

<213> Artificial

<220>
<223> vprimer

<400> 21
gecoaggaget cttcoctaaaa ca

210> 22

211> 20

<212> DNA

213> Artificial

220>
223> primer

(65)
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400> 22
tegcteggacec aacacaaatg 20

210> 23

211> 27

<212> DNA

213> Artificial

{220>
223> probe

<400> 23
ttcccagttt tttecatctge actgeca : 27

{210> 24
211> 20
<212> DNA
{213> Artificial

<220>
<223> primer

<400> 24
tgocatccaa ccactcagic 20

<210> 25

Q11> 23

<212> DNA

213> Artificial

{2207
223> primer

<400> 25
ctcgeatget gataacaatt cig 23

210> 26

211> 26

<212> DNA

<213> Artificial

<220>
<{223> probe

<400> 26
cggtgaages caatgecaaac agaatt ' 26

210> 27

211 A

<212> DNA

<213> Artificial



<220>
<223>

400>

primer

27

goaacatcat tocecctetttg g

<210>
2115
212>
<213>

<2207
<223>

<400>

28

21

DNA
Artificial

primer

28

gecaggtoetet gtecacgettc t

<210>
<211>
212>
<213>

<220>
<223>

400>

29

21

DNA
Artificial

primer

29

gatgatccca atgagtegge t

i.
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Claims for Divisional Application

Method for examining a subject at risk of a complication of heart failure, comprising:

(a) determining the level of galectin-3 in a biological sample from the subject;

(b) comparing the level of galectin-3 to a standard level indicative of a heart failure risk,

wherein an elevated level indicates a risk of a complication of heart failure.

2.
derived from peripheral blood.
3.

Method as claimed in claim 1, wherein the biological sample is a serum or plasma sample

Method as claimed in claim 1 or 2, wherein the level of the galectin-3 is measured by an

enzyme-linked immumosorbent assay (ELISA).

(37) Abstract: The present investion relases to a method for idenulying a subject at risk of developing hyperensive end organ
damage, such as and in particniar heart failure, comprising: a) obiaining a biological sarple of said subiect; b) defermining the level
of at least one non-myocytal marker in said sample; ¢} comparing the level of said marker fo a standard level; and d) determining
whether the level of the marker is indicative of a dsk for developing hypertensive end organ damage. The nor-myocyiical marker

preferably is galectin-3 or thmmhuspondinuﬁ
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