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AND/ OR PREVENTI ON OF HEART DI SEASE FI ELD OF THE | NVENTI ON 5 The present

i nvent i onwion2iosodthe fiel d of cardi ovascul ar di seases. Mor ecamror/hissal |y,
it relates to the use of an inhibitor of I1L-18 for the treatnent and/or
prevention of a heart disease, in particular of ischemc heart disease.
BACKGROUND OF THE | NVENTI ON 10 The cytokine interleukin 18 (IL-18) was
initially described as an interferon-y (IFN- y) inducing factor (Nakamura
et al., 1989). It is an early signal in the devel opnment of T- |ynphocyte
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Kimet al., 2001). The signal transduction of IL-18 involves activation of
NF- KB (Di Donato et al., 199ACKGRQENDLOABHEJN¥PNOION OMpl ex consists of two
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PCT/ EPO2/ 00844 IL-18 receptor consists of at least two components, co-operating in ligand
~ binding. High- and low-affinity binding sites for IL-18 were found in murine IL-12
20 stimulated T cells (Yoshimoto et al.,, 1998), suggesting a multiple chain receptor
complex. Two receptor subunits have been identified so far, both belonging to the IL-1
receptor family (Parnet et al., 1996; Kim et al., 2001). The signal transduction of IL-18
involves activation of NF-xB (DiDonato et al., 1997). The IL-18 receptor complex
consists of two receptor chains: a ligand-binding chain termed the IL-18Ra chain and a
25 signaltransducing chain termed the IL-18RB chain. The IL-18R chain was initially
isolated as a cell surface protein binding to radiolabeled IL-18; the protein was purified
and its amino acid sequence revealed identity with a previously reported orphan receptor
termed the IL-1R-related protein (IL-1Rrp) (Torigoe et al., 1997).
Recently, a soluble protein having a high affinity for IL-18 has been isolated from
30  human urine, and the human and mouse cDNAs as well as the human gene were cloned
(Novick et al., 1999; WO 99/09063). The protein has been designated IL-18 binding
protein (IL-18BP).
IL-18BP is not the extracellular domain of one of the known IL18 receptors, but a
secreted, naturally circulating protein. It belongs to a novel family of secreted proteins,



2 further including several Poxvirus-encoded proteins (Novick et at, 1999).
Uinary as well as reconbinant |L-18BP specifically bind IL-18 with a high
affinity wod2noedad ate the biological affinity of IL-18. Poa/mpo2/0@BBP gene
was | ocalised to the human chronosone 11gl13, and no exon 5 coding for a
transmenbrane domain was found in an 8. 3kb genom c sequence. Four splice
variants or isoforns of |L-18BP geagrated by alternative nRNA splicing have
been found in humans so far. They re designated IL-18BP a, b, ¢ and d,

all sharing the same N-termnus and differing in the C-term nus (Novick et
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20  normal conditions, the blood flow in coronary arteries is closely matched to the metabolic
demands of cardiac muscle. Ischemic heart disease results when the blood supply
becomes insufficient, because either the blood supply itself is impaired or the
myocardium becomes hypertrophic and makes a greater demand on the blood supply.
Coronary blood flow is normally independent on aortic pressure. An efficient
25  autoregulatory mechanism exists to control the blood flow through the coronary vascular
bed.

When an obstruction develops in a major coronary artery, usually because of
atherosclerosis or ateriosclerosis, coronary blood flow is initially preserved, because
peripheral resistance distal to the obstruction is reduced. When the vessel lumen is more

30 than 75% occluded, ischemia develops, particularly if the coronary collateral circulation
is poorly developed.

Cardiac muscle is extremely active metabolically, and mitochondria constitute
over 30% of the volume of individual fibres. Aerobic metabolism is essential, as there are

very poor reserves of high-energy phosphates. Cardiac muscle death occurs when



WD 02/ 060479 PCT/ EPO2/ 00844 3 tissue adenosine triphosphate (ATP) |evels
are very | ow and when anaerobic glycolysis has virtually ceased. As with
ot her ti swoar/oetdhie preci se cause of death is uncertain, bwCT/HPot/b@sk4s cardi ac
muscle injuries are associated with nmenbrane damage and the sudden entry
of calciuminto the cell cytoplasm After brief periods of ischem a cardiac
bl ood flow 5 can be re-established (yeperfusion). However, after a critical
interval reperfusion is inpossible,” probably as a result of swelling of
capillary endothelial cells. Atherosclerosis accounts for the vast majority
of coro
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20 valve stenosis and regurgltatlon and Increased right atrial pressure.
Thrbmbolytic therapy with agents such as streptokinase or tissue plasminogen
activator (TPA) is often used to lyse a recently formed thrombus. Such therapy with lysis
of the thrombus can re-establish blood flow in a majority of cases. This helps to prevent
significant myocardial injury, if early (less than an hour or so) in the course of events,
25  and can at least help to reduce further damage.
Angina pectoris is a symptom complex of ischemic heart disease characterized
by paroxysmal attacks of chest pain, is usually substernal or precordial. It is caused by
myocardial ischemia that falls short of inducing infarction. Sudden cardiac death may
occur, which is the unexpected death from cardiac causes usually within one hour after a
30 cardiac event or without the onset of symptoms. It strikes 300,000 - 400,000 persons
annually.
Other forms of heart disease include alcoholic cardiomyopathy, aortic valve
prolapse, aortic valve stenosis, arrhythmias, cardiogenic shock, congenital heart
disease, dilated cardiomyopathy, heart attack, heart failure, heart tumor, heart valve



prol apse, aortic valve stenosis, arrhythm as, cardiogenic shock, congenital
heart disease, dil ated cardi onyopathy, heart attack, heart failure, heart
tunmor, heaptozwel4ve WO 02/ 060479 PCT/ EPO2/ 00844 4 pul nonalP¢ TEHPENOSIE,
hypertrophi c cardi omyopat hy, idiopathic cardionyopathy, ischemc heart

di sease, ischem c cardionyopathy, mtral regurgitation, mtral valve

prol apse, peripartum cardi onyopathy, stable angina. Myocardial infarction
is a further formof ischenmc heart 'di sease. The 5 pathogenesis can

i ncl ude occlusive intracoronary thrombus, i.e. a thronbus overlying an
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20 resultlng from abrupt reduction in coronary blood flow to a segment of myocardium.
In > 90% of patients with acute MI, an acute thrombus, often associated with.
plaque rupture, occludes the artery (previously partially obstructed by an atherosclerotic
plague) that supplies the damaged area. Altered platelet function induced by endothelial
change in the atherosclerotic plaque presumably contributes to thrombogenesis.
25  Spontaneous thrombolysis occurs in about 2/3 of patients so that, 24 h later, thrombotic
occlusion is found in only about 30%.
Myocardial infarction is sometimes caused by arterial embolization (e.g. in mitral
or aortic stenosis, infective endocarditis, and marantic endocarditis). Myocardial
infarction has been reported in patients with coronary spasm and otherwise normal
30  coronary arteries. Cocaine causes intense coronary arterial spasm, and users may
present with cocaine-induced angina or myocardial infarction. Autopsy studies and
coronary angiography have shown that cocaine-induced coronary thrombosis may occur

in normal coronary arteries or be superimposed on preexisting atheroma.



present with cocai ne-induced angina or nyocardial infarction. Autopsy
studi es and coronary angi ography have shown that cocai ne-i nduced coronary
t hr onbosiwormagpemezur in normal coronary arteries or be skp@mpPopased on
preexi sting atheroma. WO 02/ 060479 PCT/ EP02/ 00844 5 Myocardial infarction
is predomnantly a disease of the left ventricle, but damage may extend
into the right ventricle (RV) or theanatria. Ri ght ventricle infarction
usually results from occlusion of tthe right coronary or a dom nant |eft
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severe coronary atherosclerosis involving all major branches. The result is an

inadequate vascular supply, which leads to myocyte loss. The myocyte loss coupled with

fibrosis in the form of interstitial collagen deposition results in decreased compliance,

which along with the accompanying cardiac dilation, results in overload of remaining

25 myocytes. This keeps the process going, with compensation by continuing myocyte

hypertrophy. There may even be compensation through hyperplasia as well as

hypertrophy, which can explain the enormous size (2 to 3 times normal size) of the

resulting heart. Eventually, the heart can no longer compensate, and cardiac failure

ensues with arrhythmias and/or ischemic events. Thus, clinically, there is slow,

30 progressive heart failure with or without a history of a previous myocardial infarction or
anginal pain. Ischemic cardiomyopathy is responsible for as much as 40% of the

mortality in ischemic heart disease.



30 progressive heart failure with or without a history of a previous
myocardi al infarction or anginal pain. |Ischem c cardi onyopathy is

responsi bwe okwmso4as much as 40% of the nortality in ischemrca/ireznis44i sease.

WO 02/ 060479 PCT/ EPO2/ 00844 6 During ischemia as well as reperfusion of

t he heart, nunerous endogenous nediators, such as small nol ecul e second
nmessengers, are produced which affect nyocardial function. Wthin m nutes
of an ischem c episode, nyocardial contractile force dimnishes and the
overall recovery of contractile force is |largely dependent on the 5

duration of the i | G, PELI é@rﬁlg[% tth@! heartl $ReroséndegéRE e, during

an i schemc 6%%&'?&% %Shgﬁ'{eggtr& 'S | 2 (gert uret?e(':l, ox%en-nderi ved free

r adi cal medintorsgyemeh @isegmalholagiier $copsk iMRSSENEYs. s3At adiEd antich affeddse t akes
pl ace. Lt BORHS rirutd SFQinl ifhdhnic &P CinlGardiél colfradiieTose

parti cu%g?%g(ﬂ#wg}\ I Il 16 (Bol | in,l 1990)€.FHI nt hg I nt act %S?rt, h t hese

cyt oki néiminighesranguthe averallsterevena of ﬁﬂ’l‘}@@@erf?%dfd?rgﬁ'ya%ﬁﬂ i%Bnt"By i nduci ng

genes i Oy GRS IhRcHePhic Eedétpqd%&ehl@t sy, obayk Fof eXdntpr)arrgasischdmic 1999) ,

cycl ooxygenase; 2 (COX-2) and phosphollgaseJAZ aa?‘ V\F|| as v sg%ln r adhesi on
mol ecul @@nhfcd” s BYBPORtasic ifhRINITTd s OXVAEN4eVEd fTee repiraP e §° ?n%ﬁ iat e

depr esshigi ?B@clie{mfgﬁygitﬁésis?@ﬂd relehdd Bkéoplee. heddditie there Ssedso Inwdlecul e
messengers foll owed by cyt okjne- i at eut rophi i nf i Lon, that

f ur t her Pregdugtigaof ir¥iekipe '°é‘|a ﬁiﬂ@ld“ ﬂ'é‘gﬁ‘fﬂ} g(ﬂ'&l@gb} il tq}hee’"g%gé%%{é] of 15

g' 0od Ofhebé eﬁ&ﬂ;ﬁ&sqﬁuﬁﬂyatle&baé@aér&taana’d‘dsan@bwraibbwsmen byl indudirg®peand | L- 10
uring an ischem ¢ cha n Car. di ocvtes, al (o) bl e force

duc'¥o PRECSSER BhngrSRAOE HHR o CORL RN TEREF v perre2! o8
Most  of (ddne-2pupe phosphivkipasd i as evetieasnvasguldiNadhesiod miledyles padisenessl
myocardial dysfunction are deri ol P (l;%m@ lce human
myocar dF’%ﬁmqlﬁ*%§ 130 rﬁﬂmogleé? ' e'h.' er%garté %%%@u’ﬂg@égdﬁggne ec;/fls\?_g

car di o- pikiatedaby smaasslepule codsrepgers dotovtssle hy seytekinednediaied nevierndi | ed, ex

VIvo Conﬂ{trt *ignn%(\]aﬁ%ﬂlﬁ\“dgﬁig (?St-h rt mu;t%.gﬁhingl AUSALHGiBY in He absdRB70f. INn this

Awodel,  hunan g

experi e rial trabecul ae are suspended in a blood-free,
physs ol bigbd aF bipod pyalentstelaboate (TIF oidderskawitz ehaln 18Pkl 1B e FNsode of
si mul at ady i SR i {63 didoTBse GRIMERCIoReYUER BR HE6T FasRE

dr amat i %gﬁ@?%ﬁﬂigﬁgi.her%gﬂ{@eégﬁ% S ree- exposed touoxygen, the contractile
for ce r eadngesousuaytakinedMeldiusheldl.( §32870% reduction) and evi dence of
myocardi al d | SRTRHEHARY doREHRNG TRE o GnBaL 1P enddidtés Myodafdil
(GQurevitch et a -’tt‘\eis:g%; g‘eve?and et gf., %997%. en TNF. %i,oact ivity is
speci f i dsfuryctiomeate rderivec drosuenimp! | Yudies Howeyser ‘_th"f"brﬁm("F?’ﬁ)a, igsYSFeat er
retypn BEﬁaﬁ%RIEFdﬁFPédeﬁtsf&H dirty elBBRBIARRL-BUBBASHY ByPass plocedifagieaveus
myocar di a —activity contributes t,otr}% . .

been studied under controlled, ex vivo conditions (Gurevitch et al., 1996; Cleveland et
al., 1997). In this experimental model, human atrial trabeculae are suspended in a
blood-free, physiologically oxygenated buffer bath and then exposed to an episode of

simulated ischemia. During this time, contractile force decreases dramatically; when the

25 tissue is re-exposed to oxygen, the contractile force returns but is diminished (60-70%
reduction) and evidence of myocardial damage is observed by release of creatine kinase
(CK) (Gurevitch et al., 1996; Cleveland et al., 1997). When TNF bioactivity is specifically
neutralized during ischemialreperfusion (I/R), a greater return of contractile force is
observed suggesting that endogenous myocardial TNF activity contributes to the

30  contractile dysfunction induced by the ischemic event (Cain et al., 1999).
Daemen et al. (1999) have studied tissue injury as a consequence of ischemia
followed by reperfusion employing a murine model of renal ischemia. They showed that
renal IL-18' mRNA up-regulation coincided with caspase-1 activation at day 1 following

ischemia. IFN-y and IL-12 mRNA were subsequently up-regulated at day 6 following



30 contractile dysfunction induced by the ischemc event (Cain et al.,
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manufacture of a medicament for treatment and/or prevention of a heart disease, in
particular ischemic heart disease and/or cardiac failure.

In order to apply a gene therapeutic approach to deliver the IL-18 inhibitor to the

20 diseased tissue or cell, the invention further relates to the use an expression vector

comprising the coding sequence of an IL-18 inhibitor for the treatment and/or prevention

of a heart disease.

BRIEF DESCRIPTION OF THE DRAWINGS
25  Fig. 1 shows the effect of IL-18BP on ischemia-induced myocardial contractile
dysfunction.

(A)  Kinetic response to ischemic injury. Following equilibration (eq), control (Ctrl)
trabeculae were suprafused under normoxic conditions throughout the
experiment. Trabeculae were subjected to ischemia/reperfusion in the absence

30 or presence of IL-18BP (5 pg/ml). The vertical axis indicates percent of
developed force compared to initiation of the experiment (time zero). The data
are derived from trabeculae of a single patient and are representative of the

methods used to calculate the mean change in developed force at 90 minutes.



experinment. Trabecul ae were subjected to ischem a/reperfusion in the
absence 30 or presence of |L-18BP (5 g/m ). The vertical axis indicates
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zero). The data are derived fromtrabecul ae of a single patient and are
representative of the nethods used to calculate the nean change in

devel oped force at 90 m nutes. WO 02/ 060479 PCT/ EPO2/ 00844 8 (B)
Post =i schem ¢ devel oped force following neutralization of IL-18 with 1 or 5
g/m of I1L-18BP. Results are expressed as nean percent changes in
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20  Fig 4: shows the effect of ICE inhibition on post-ischemic developed force. Results are
expressed as mean percent change in developed force relative to control (Crtl)
following ischemia/reperfusion (I/R). Numbers in parentheses indicate the

concentration of ICEi in pg/ml. N=7. * p<0.01 compared to I/R.

25  Fig. 5: shows the tissue creatine kinase (CK) activity following I/R. CK is expressed in
units of activity per milligram wet weight of tissue. The experimental conditions
are indicated under the horizontal axis. Ctrl and /R, N=6; IL-18BP (5 pg/ml),
N=5; ICEi (10 and 20 pg/ml), N=5 each; * p<0.05 compared to I/R.

30 Fig. 6: shows the mean change in developed force relative to the developed force
following the equilibration period, set at 100% (n=5), of trabeculae incubated with
10 pg/ml for 15 min, prior to the addition of TNFa (1 ng/ml). TNFa and IL-18BP

were added to each bath change.



wer e added to each bath change. WO 02/ 060479 PCT/ EPO2/00844 9 Fig. 7:
shows the tenporal response of human atrial trabeculae to IL-18 under

nor noxi ¢ woadsd4rons. Mature | L-18 (100 nglm) were added PCa/Epoz/dash4
trabecul ae throughout the 90 min experinental period. The vertical axis

i ndi cates the nean percent change from baseline devel oped force. The
basel i ne was determ ned at the end g of the equilibration period (not
shown). (n=6). * P < 0.05, ** P < 0.001 as conpared to control at the sanme
interval and for the remainder of the experinental period. Fig. 8. shows
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tested in anyherindntf peRee! of 20 nmyocardial infarction and resulted in an
el evated survival and significantly inproved ventricular function. The
invention therefore relates to the use of an IL-18 inhibitor for the
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"ischem c heart disease", as used herein, includes all different types of
30 ischem c heart disease, including, but not limted to the ones expl ai ned

(0 detall in the " Backorgpdeh oeRdiSHEN ofYhe REKfION s car di ovascul ar

di seases or disorders relate i'schem ¢ heart di sease. The use according
to the i nveriheopresentwieléntioniis drased rora theofinding thatt IL<iSt nbibitorgnekertsa t hus

i&‘ﬁpgci al L vndsedidle if Rbakt SR ehdbs! A HridRr Ifis U0 hearh§id6dsed] A& &%AM in Ther ef or e,
the examples below, several different IL-18 inhibitors were shown to exhibit a significant
beneficial effect on post-ischemic developed force of the heart muscle.

In addition to this, an inhibitor of IL-18 was tested in an in vivo model of
20 myocardial infarction and resulted in an elevated survival and significantly improved
ventricular function.
The invention therefore relates to the use of an IL-18 inhibitor for the -
manufacture of a medicament for the treatment and/or prevention of a heart disease
According to the present invention, the term “heart disease” encompasses
25 diseases including dysfunction of the heart. They are also generally called
cardiovascular disorders.
In a preferred embodiment of the invention, the heart disease is ischemic heart
disease.
The term “ischemic heart disease”, as used herein, includes all different types of
30 ischemic heart disease, including, but not limited to the ones explained in detail in the
“Background of the Invention”, as well as cardiovascular diseases or disorders related to
ischemic heart disease.
The use according to the invention is well suited for a long-term treatment and is

thus especially useful for use in relation to chronic heart diseases. Therefore, in a



WO 02/ 060479 PCT/ EP02/ 00844 10 preferred enbodi nent of the invention, the
I schem ¢ heart disease is chronic. Angina, or angina pectoris is one of

t he nost wormwoen4cd i ni cal features of patients having a | orgT/HPOT0BRY Of

i schem c heart disease. Inpaired left ventricular function, follow ng one
or nore previous episodes of nyocardial infarction, may result in left
ventricular, and, 5 ultimtely, cong%st I ve cardi ac fal | ure. The invention
therefore further relates to the use of an IL-18 inhibitor for treatnent
and/or prevention of angina pectoris. In a further preferred enbodi nent,
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in a further preferred embodiment, the heart disease is cardiac failure or heart
failure. Cardiac failure is a disease state in which the heart is unable to pump blood at
the rate required for normal metabolism. In almost all forms of cardiac failure the cardiac
25 output is reduced, this causes a degree of underperfusion that is called arterial
underfilling. The body compensates by retaining fluid an increasing blood volume. The
heart failure may be acute or chronic. In early stages, the clinical signs of a cardiac
failure may seem one-sided, but because of the interventricular septum shared by the
right and left ventricles it is inevitable that the failure of one ventricular chamber is
30 foliowed by failure of the other. The cardiac failure may be due to ischemic heart
disease. It may also be due to other causes, such as systemic hypertension, valvular
heart disease or lung disease leading congestive heart failure.
Heart failure may be congestive heart failure, which is a symptomatic myocardial

dysfunction resulting in a characteristic pattern of hemodynamic, renal, and



Heart failure may be congestive heart failure, which is a synptomatic
myocardi al dysfunction resulting in a characteristic pattern of
henodynamwo,02/0erad , and WO 02/ 060479 PCT/ EP02/ 00844 11 neamaror/onsmal
responses. The clinical manifestations of heart failure may be left
ventricular failure or right ventricular failure. Heart failure is manifest
by systolic or diastolic dysfunctiqq, or both. Conbined systolic and

di astolic abnormalitiés are comon. 5 In yet a further preferred

enbodi nent, the heart disease is cardionyopathy. Cardiomyopathy is any

struct u%@&ro@c{rm%“&lqés? os 2RAGT dFRHchI YraRfestdiBny @R tHdaRUafitire AP fium  The
term"prevention” w In the context of this invention refers not only to a
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subst anhiaé’{oli)cprog/mﬂ&tioﬁrhor Bbth e WML, systslieC bh@ Ndiadl@er apsdniitiedi Bieni shi ng of
the effect before or at early onset of disease. The term"treatnent"”
W thin cPEMEdnt ext of this invention refers to any beneficial effect on

proggessi on pf yali $eadRr dreveiretichboainieanuné ineart divdsetis eardideopatage or 15
di m ni shing of " the pathol ogi cal  deve ocg.rre%t gfter .onso?tthof ditsea} e The
term "i ardemXaPaly 9 -any SUEHEL PhdURdiReA X APRIMRY s O nienPRIRHC %f ers to
any nmolgetdrgiumpdul ating 1L-18 production and/or action in such a way that
| L- 18 production and/or action is attenuated, reduced, or partially,
substantially or conpletely prevented or blocked. 20 An i nhibitor of
producti on caime kemaipyeventiet Wikimthgatdnteat pf dfif awentivg refess sphohliedo @,
processi ng or matucati . . L OhLbi J rding to
Phe nvarrPBle PELHUEL PR shtait st bul 3R 1 dhy by SOBRARE! BEARERT T 1Y, he
i nt er | eaktemuation, T8duction,i desresee onriNsgishirgiolctha effest hefae Ohat agriv enset of
transcrijption of the IL-18 nmRNA or leading to degradation of the nRNA
proteins inpairing correct folding, or partiall r substantially 25

preventing s&ke tarmctiedment’ wiBin the soatgxiaf tﬁé@?vgae{qsgreﬁrs g anphensfitial has been
synt hesigged, on' p.%%#aséaeﬁ Sof0TdisRh&Y, € AeRing e aidrgtioh, Orddlictib, | decaager ort 0
generate mature |IL-18, such as inhibitors of caspase-1, and the like. An
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or blocked.
20 An inhibitor of production can be any molecule negatively affecting the synthesis,
processing or maturation of IL-18. The inhibitors considered according to the invention
can be, for example, suppressors of gene expression of the interleukin IL-18, antisense
mRNAs reducing or preventing the transcription of the IL-18 mRNA or leading to
degradation of the mRNA, proteins impairing correct folding, or partially or substantially
25  preventing secretion of IL-18, proteases degrading IL-18, once it has been synthesized,
inhibitors of proteases cleaving pro-IL-18 in order to generate mature IL-18, such as
inhibitors of caspase-1, and the like.
An inhibitor of IL-18 action can be an IL-18 antagonist, for example. Antagonists
can either bind to or sequester the IL-18 molecule itself with sufficient affinity and
30 specificity to partially or substantially neutralize the IL-18 or IL-18 binding site(s)
responsible for IL-18 binding to its ligands (like, e.g. to its receptors). An antagonist may
also inhibit the IL-18 signaling pathway, which is activated within the cells upon IL-

18/receptor binding.



also inhibit the IL-18 signaling pathway, which is activated within the
cells upon IL- 18/ receptor binding. WO 02/060479 PCT/ EP0O2/ 00844 12

| nhi bi t orwoak/0bd4748 acti on may al so be sol ubl e 1L-18 receprarepomoosadl ecul es
m m cking the receptors, or agents blocking the IL-18 receptors, or IL-18
anti bodi es, such as polyclonal or nonoclonal antibodies, or any other
agent or nol ecule preventing the bjnding of IL-18 to its targets, thus

di m ni shing or preventing triggering of the intra- or 5 extracellular
reactions nediated by I1L-18. In a preferred enbodi nent of the present
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prokary%%twygpipqgsm on systens |ike E. coli, or in eukaryotic, and
preferablly i n ~mammal i an, expression systenms. As used h rei_ term
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"Imut ei ns” r eFher termollaAAB| Ripding forafping’L is1 BEgs h%'re"'hﬁm%‘ég‘% "r‘i? | L- 18BP,

in whi C@ GG, gRétefiP o “Rhsipre I@H&rﬁ&s@@ld—ﬁ&ﬁhd‘h@%mﬁémﬁ a@adeﬁhed il WA8BP or 25
vi ral are replaced by different am nq rgc eS| iues OfE _gre
del é§ ed99/89063ner iBrNayisKeet i ﬂéQ%dP%!U ing; Spj{ve &vegp 3588 QLIRS 1By al

sequencgin@hg protdiks, hs Bdfifed P Kind evalr, 2000, which&iir3Rp 118 hiowpartchian diumgn ,
CO VoLt s b S S5 R A B AR £ rgd (1
synt hesptenizd usefub ycairdieg dor thet pesentt mgenosl mayebﬁhrqlme\éate@roramn other
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20 preferably be produced recombinantly. Recombinant expression may be carried out in
prokaryotic expression systems like E. coli, or in eukaryotic, and preferably in
mammalian, expression systems.
As used herein the term "muteins” refers to analogs of an IL-18BP, or analogs of
a viral IL-18BP, in which one or more of the amino acid residues of a natural IL-18BP or
25  viral IL-18BP are replaced by different amino acid residues, or are deleted, or one or
more amino acid residues are added to the natural sequence of an IL-18BP, or a viral IL-
18BP, without changing considerably the activity of the resulting products as compared
with the wild type IL-18BP or viral IL-18BP. These muteins are prepared by known
synthesis and/or by site-directed mutagenesis techniques, or any other known technique
30 suitable therefor.
Muteins in accordance with the present invention include proteins encoded by a
nucleic acid, such as DNA or RNA, which hybridizes to DNA or RNA, which encodes
an IL-18BP or encodes a viral IL-18BP, in accordance with the present invention, under
stringent conditions. The term “stringent conditions" refers to hybridization and
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appropriately labeled IL-18, such as radioimmunoassay or ELISA assay.

In a preferred embodiment, any such mutein has at least 40% identity or
homology with the sequence of either an IL-18BP or a virally-encoded 1L-18BP
homologue, as defined in WO 99/09063. More preferably, it has at least 50%, at least

25  60%, at least 70%, at least 80% or, most preferably, at least 90% identity or homology
thereto.

Muteins of IL-18BP polypeptides or muteins of viral IL-18BPs, which can be used
in accordance with the present invention, or nucleic acid coding therefor, include a finite
set of substantially corresponding sequences as substitution peptides or polynucleotides

30  which can be routinely obtained by one of ordinary skill in the art, without undue
experimentation, based on the teachings and guidance presented herein.

Preferred changes for muteins in accordance with the present invention are what
are known as "conservative® substitutions. Conservative amino acid substitutions of IL-

18BP polypeptides or proteins or viral IL-18BPs, may include synonymous amino acids
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Tabl e 3. TABbfstdratiy, the fsymshyfions zeniod aSy rypowpsoare thodendefitell ds TableAhi no Aci d
Synonynmpus G ou er Ser, Thr, Gy, . r 1 . H s Leu
|1 el0 PhMO’eFVP%r%' ?‘W"PnY_’EﬂUS ?SP'8°<§°‘§’{A§$'§P§, aq?_’rt?ﬁ?g,eﬁr@gﬁ‘%doﬁﬁble r'g{ndSer, Al a,
Ay, Hi fos@referablyrthe yran@ngys dinp abidgroups arethpsedafinedyyTabithds 11 e, Leu, Val
Gy Ala, Thr, Pro, Ser, Gy Ile Met, Tyr, Phe, Val, Leu, Ile 25 Phe Trp,
Met, Tyr, Ile, Val, Leu, Phe Tyr Trp, Met, Phe, Ile, Val, Leu, Tyr Cys
Ser, Thr, Cy$ABLE 1

Preferred Groups of Synonymous Amino Acids

15 Amino Acid Synonymous Group
Ser Ser, Thr, Gly, Asn
Arg Arg, GIn, Lys, Glu, His
Leu lle, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, Thr, Pro
20 Thr Pro, Ser, Ala, Gly, His, GIn, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Leu, lle
25 Phe Trp, Met, Tyr, lle, Val, Leu, Phe
' Tyr Trp, Met, Phe, lle, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Glu, Lys, Gin, Thr, Arg, His
Gin Glu, Lys, Asn, His, Thr, Arg, Gin
30 | Asn Gin, Asp, Ser, Asn
Lys Glu, Gin, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, GIn, His, Arg, Glu

Met Phe, lle, Val, Leu, Met



Hs GQu, Lys, Gn, Thr, Arg, Hs Gn GQu, Lys, Asn, H's, Thr, Arg, Gn 30
Asn G n, Asp, Ser, Asn Lys Qu, Gn, Hs, Arg, Lys Asp Qu, Asn, Asp Gu
Asp, Lys,wAIn/el@n, His, Arg, Qu Mt Phe, Ile, Val, LeupCVHEPIINDSOL/ 060479
PCT/ EP02/ 00844 15 Trp Trp TABLE 2 Mire Preferred G oups of Synonynous
Amino Acids 5 Am no Acid Synonynmous Group Ser Ser Arg H's, Lys, Arg Leu
Leu, lie, Phe, Met Pro Ala, Pro 10 Thr Thr Al a Pro, Ala Val Val, Mt,
lie Ay Ay lielie, Mt, Phe, val® Leu 15 Phe Met, Tyr, lie, Leu, Phe
Tyr Phe, Tyr Cys Cys, Ser Hs His, Gn, AAcg Gn Qu, Gn, Hs 20 Asn Asp,
Asn Lys Lys, Ar% Asp Asp, Asn Gluﬁlu, Gn Met Met, Phe, Ile, Val, Leu
25 Trp Trp TABLE™ P

TABLE 2
More Preferred Groups of Synonymous Amino Acids
5 Amino Acid Synonymous Group
Ser Ser
Arg His, Lys, Arg
Leu Leu, lle, Phe, Met
Pro Ala, Pro
10 Thr Thr
Ala Pro, Ala
Val Val, Met, lle
Gly Gly
ile ile, Met, Phe, Val, Leu
15 Phe Met, Tyr, lle, Leu, Phe -
Tyr Phe, Tyr
Cys Cys, Ser
His His, Gin, Arg
Gin Glu, Gin, His
20 Asn Asp, Asn
Lys Lys, Arg
Asb Asp, Asn
Glu Glu, GIn
Met Met, Phe, lle, Val, Leu
25 Trp Trp
TABLE 3
Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
30 Ser Ser
Arg Arg
Leu Leu, lle, Met
Pro Pro

Thr Thr



Most Preferred G oups of Synonynous Ami no Acids Am no Acid Synonynous
Goup 30 Ser Ser Arg Arg Leu Leu, Ile, Met Pro Pro Thr Thr WO 02/ 060479
PCT/ EPO2/w08146041% Ala Ala Val Val dy Gy lie lie, MtCTIRPO2/B0SRhe Phe
Tyr Tyr Cys Cys, Ser HHs Hs Gn Gn 10 Asn Asn Lys Lys Asp Asp Gu
Gu Mt Mt, Ile, Leu 15 Trp Met Exanples of production of amino acid
substitutions in proteins which can be used for obtaining nuteins of

| L- 18BP pol ypeptides or proteins, of®muteins of viral 1L-18BPs, for use in
the present invention include any known nethod steps, such as presented in
20 US patents 4, 9A§9, 314, 4,588, 585 an/géI 4,737,462, to Mark et al; 5,116, 943
to Koths et al., ™%, 965,195 to Namen ©f al; 4,879,111 to Chong et al; and
5,017,691 to Leevd al; and |ysine sV#istituted proteins presented in US
patent No. 4, 904,(5 4 (Shaw et al). Thg,term"fused protein” refers to a

pol ypepti de conprising an |L-1813P, or Ya viral IL- 18BP, or a nutein or
fragment thereof llefused with another e Madieu which, e.g., has an 25
extended residengggtinme in body fluidsweAn IL-18BP or a viral 1L-1813P, may
t hus” be fused to another protein, pol¥peptide or the like, e.g., an

i munogl obul i n orTya fragnent yr

Cys Cys, Ser

His His

Gin Gln
10 Asn . Asn

Lys Lys

Asp Asp

Glu Glu

Met Met, lie, Leu
15 Trp Met

Examples of production of amino acid substitutions in proteins which can be used
for obtaining muteins of IL-18BP polypeptides or proteins, or muteins of viral IL-18BPs,
for use in the present invention include any known method steps, such as presented in

20 US patents 4,959,314, 4,588,585 and 4,737,462, to Mark et al; 5,116,943 to Koths et al,,
4,965,195 to Namen et al; 4,879,111 to Chong et al; and 5,017,691 to Lee et al; and
lysine substituted proteins presented in US patent No. 4,904,584 (Shaw et al).

The term "fused protein” refers to a polypeptide comprising an IL-18BP, or a viral
IL-18BP, or a mutein or fragment thereof, fused with another protein, which, e.g., has an

25  extended residence time in body fluids. An IL-18BP or a viral IL-18BP, may thus be
fused to another protein, polypeptide or the like, e.g., an immunoglobulin or a fragment
thereof.

"Functional derivatives” as used herein cover derivatives of IL-18BPs or a viral
IL-18BP, and their muteins and fused proteins, which may be prepared from the

30  functional groups which occur as side chains on the residues or the N- or C-terminal
groups, by means known in the art, and are included in the invention as long as they
remain pharmaceutically acceptable, i.e. they do not destroy the activity of the protein
which is substantially similar to the activity of IL-18BP, or viral IL-18BPs, and do not

confer toxic properties on compositions containing it.
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The antibodies according to the invention may be polyclonal or monoclonal,

20 chimeric, humanized, or even fully human. Recombinant antibodies and fragments
thereof are characterized by high affinity binding to IL-18 or IL-18R in vivo and low
toxicity. The antibodies which can be used in the invention are characterized by their
ability to treat patients for a period sufficient to have good to excellent regression or
alleviation of the pathogenic condition or any symptom or group of symptoms related to

25  a pathogenic condition, and a low toxicity.

Neutralizing antibodies are readily raised in animals such as rabbits, goat or mice
by immunization with 1L-18 or IL-18Ra or p. Immunized mice are particularly useful for
providing sources of B cells for the manufacture of hybridomas, which in tum are
cultured to produce large quantities of anti-IL-18 monoclonal antibodies.

30 Chimeric antibodies are immunoglobulin molecules characterized by two or more
segments or portions derived from different animal species. Generally, the variable
region of the chimeric antibody is derived from a non-human mammalian antibody, such
as murine monoclonal antibody, and the immunoglobulin constant region is derived from
a human immunoglobulin molecule. Preferably, both regions and the combination have
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regulatory elements, which control antibody expression, allelic exclusion, class switching
and affinity maturation. Introduction of un-rearranged human lg transgenes into mice has
demonstrated that the mouse recombination machinery is compatible with human genes.
Furthermore, hybridomas secreting antigen specific hu-mAbs of various isotypes can be
25  obtained by Xenomice immunisation with antigen.
Fully human antibodies and methods for their production are known in the art
(Mendez et al (1997); Buggemann et al (1991); Tomizuka et al, (2000) Patent WO
98/24893).
In a highly preferred embodiment of the present invention, the inhibitor of IL-18 is

rearrangeme

30 an IL-18BP, or an isoform, a mutein, fused protein, functional derivative, active fraction
or circularly permutated derivative thereof. These isoforms, muteins, fused proteins or
functional derivatives retain the biological activity of IL-18BP, in particular the binding to
IL-18, and preferably have essentially at least an activity similar to IL-18BP. Ideally, such
proteins have an enhanced biological activity as compared to unmodified IL-18BP.
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20 or via a short linker peptide which can be as short as 1 to 3 amino acid residues in

length or longer, for example, 13 to 20 amino acid residues in length. Said linker may be

a tripeptide of the sequence E-F-M (Glu-Phe-Met), for example, or a 13-amino acid

linker sequence comprising GIu-Phe-GIy-Ala-GIy-Leu-Val—Leu-Gly-Gly-Gln-Phe-Met

introduced between the IL-18BP sequence and the immunoglobulin sequence. The

25  resulting fusion protein has improved properties, such as an extended residence time in

body fluids (half-life), increased specific activity, increased expression level, or the
purification of the fusion protein is facilitated.

In a preferred embodiment, IL-18BP is fused to the constant region of an lg

molecule. Preferably, it is fused to heavy chain regions, like the CH2 and CH3 domains

30 of human IgG1, for example. The generation of specific fusion proteins comprising IL-

18BP and a portion of an immunoglobulin are described in example 11 of WO 99/09063,

for example. Other isoforms of Ig molecules are also suitable for the generation of fusion

proteins according to the present invention, such as isoforms 1gG; or 1gGs, or other Ig
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linker may be a tripeptide of the sequence E-F-M (d u-Phe-Met), for
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TNF. 10_Al ternative can i.nhibit. the TNIt: k{g\qal i ng
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i nhi bitor, evention | seases ant agoni st s
ar e 18as candidatisrfor mele@ﬁmtd)ndhaladamt;edf tative d'l!}tﬁ qnes&@@em@iﬂ gy lipes inldtr;andi dat es

for thekc[roesé gféth\ﬁﬂali]lﬁeoé}ﬁt H’Wh‘réhofo'%Emg%% J&ﬁe&ﬂoﬁ%eqmmlt@o&ﬁhl lines in

vitro uman B cel TNF causes erati on and
i rmunogls@meﬂqnn Th9eé$8@b!| entains T Nfs danuialian oatn ¥arying ‘1"[5'?'%{% &f igpdidetevar yi ng

di luti Ogﬁaq_énléfaélg'% 9.1 t%rhfo@gms&he n%lag anfoﬁﬁtr@chNl: igedfthel 4588y dnlie nol ar
anount of used i n the assa controls with no TNF or only

ant agonFatroswithaio EF a'l°"'yi'§9%)n'5t§6‘°gé’é|a'es1t98?] ng antagonists are the
prefgrred TNEequebRERY sritsgonRtPireiSiBel preferred TNF antagonists to be used

according to the present invention. Amongst sequestering antagonists, those
polypeptides that bind TNF with high affinity and possess low immunogenicity are
preferred. Soluble TNF receptor molecules and neutralizing antibodies to TNF are
particularly preferred. For example, soluble TNF-RI and TNF-RIl are useful in the
25 present invention. Truncated forms of these receptors, comprising the extracellular
domains of the receptors or functional portions thereof, are more particularly preferred
antagonists according to the present invention. Truncated soluble TNF type-I and type-il
receptors are described in EP914431, for example.
Truncated forms of the TNF receptors are soluble and have been detected in
30 urine and serum as 30 kDa and 40 kDa TNF inhibitory binding proteins, which are called
TBP! and TBPII, respectively (Engelmann et al., 1990). The simultaneous, sequential, or
separate use of the IL-18 inhibitor with the TNF antagonist is preferred according to the

invention.
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308 378, EP 327 and EP 43(3 ﬁ [2er|vat|f s, fragnen Stind §di ONs and
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sequence encUHé ng18 hm:bltbecmpb@nsecbbaﬁmuarmouslh.attemsnt@ﬂy gusewafatelmwi%!i ze and
able to t?"glﬂF I'\IIF with such an affinity that 1o the interaction with the
mermbr andH TR lPNﬁ receptor is inhibited or bl ocked. The IL-18 inhibitor
can be used #i ascbtdaneowith the prespnt inviertiony thermedieament Bay fygther compiseTNF

| i i t qhowh MLBREOLEANGS el rebifonb df SRSk ldRéaRls! Qflont he RNt may

further co nown agents used for the treat rrent of heart dj]seases,
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inhibitor. The active conponents nmay be used sinultaneously, sequentially,

or separ%ﬂ'éﬂ"}‘a")’b?fs.fp?'@ﬁ'her preferred enbodi nent of the present invention,
the i nhi bi t ofin gfurihler ﬂn%ferteﬂ enstRAlirhéht afntharpestint diverstion itheOntBigitbr bbILIBO ngy/ kg or
about 1 é %Sél.domng]/ kl%O nt o% ai)out 0.001 to 100 mg/kg or about 1 to 10 mg/kg or 2to 5
20 mg/kg.
The IL-18 inhibitor according to the invention is preferably administered

systemically, and preferably subcutaneously or intramuscularly.

The invention further relates to the use of an expression vector comprising the
25 coding sequence of an inhibitor of IL-18 in the preparation of a medicament for the
prevention and/or treatment of a heart disease. Thus, a gene therapy approach is
considered in order to deliver the IL-18 inhibitor to the site where it is required. In order
to treat andlor prevent a heart disease, the gene therapy vector comprising the
sequence of an inhibitor of IL-18 may be injected directly into the diseased tissue, for
30 example, thus avoiding problems involved in systemic administration of gene therapy
vectors, like dilution of the vectors, reaching and targeting of the target cells or tissues,

and of side effects.
The use of a vector for inducing and/or enhancing the endogenous production of

an inhibitor of IL-18 in a cell normally silent for expression of an IL-18 inhibitor, or which
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20 The IL-18 inhibitor to be used in accordance with the present invention may be

preferable administered as a pharmaceutical composition, optionally in combination with
a therapeutically effective amount of a TNF inhibitor.

IL-18BP and its isoforms, muteins, fused proteins, functional derivatives, active

fractions or circularly permutated derivatives as described above are the preferred active
25 ingredients of the pharmaceutical compositions.

The definition of “pharmaceutically acceptable” is meant to encompass any
carrier, which does not interfere with effectiveness of the biological activity of the active
ingredient and that is not toxic to the host to which it is administered. For example, for
parenteral administration, the active protein(s) may be formulated in a unit dosage form

30 for injection in vehicles such as saline, dextrose solution, serum albumin and Ringer's
solution.

The active ingredients of the pharmaceutical composition according to the
invention can be administered to an individual in a variety of ways. The routes of

administration include intradermal, transdermal (e.g. in slow release formulations),
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20 many variables, including the type of antagomst the aff inity of the antagonist for IL-18,

any residual cytotoxic activity exhibited by the antagonists, the route of administration,
the clinical condition of the patient (including the desirability of maintaining a non-toxic

level of endogenous IL-18 activity).
A "therapeutically effective amount” is such that when administered, the IL-18
25 inhibitor results in inhibition of the biological activity of IL-18. The dosage administered,
as single or multiple doses, to an individual will vary depending upon a variety of factors,
including IL-18 inhibitor pharmacokinetic properties, the route of administration, patient
conditions and characteristics (sex, age, body weight, health, size), extent of symptoms,
concurrent treatments, frequency of treatment and the effect desired. Adjustment and
30  manipulation of established dosage ranges are well within the ability of those skilled in
the art, as well as in vitro and in vivo methods of determining the inhibition of IL-18 in an

individual.
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any residual cytotoxic activity exhibited by the antagonists, the route of
adm nistration, the clinical condition of the patient (including the
desirability of mai nt ai ni ng a non- tQﬁIC | evel of endogenous |L-18
activity). A "therapeutically effective anount” is such that when
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20 therapeutic agents can be administered in the same or different compositions.

The invention further relates to a method for the preparation of a pharmaceutical
composition comprising admixing an effective amount of an IL-18 inhibitor and/or a TNF
antagonist with a pharmaceutically acceptable carrier.

The invention further relates to a method of treatment of a heart disease,

25  comprising administering a pharmaceutically effective amount of an IL-18 inhibitor,
optionally in combination with a pharmaceutically effective amount of an TNF antagonist,

to a patient in need thereof.

Having now fully described this invention, it will be appreciated by those skilled in
30 the art that the same can be performed within a wide range of equivalent parameters,
concentrations and conditions without departing from the spirit and scope of the invention

and without undue experimentation.
While this invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications. This application is



t herapeutically effective anmount, in particular with a TNF inhibitor and/or
anot her cardioprotective agent. Active agents that are adm nistered
si mul t anewolkpes7e h ot her 20 therapeutic agents can be addirrirst/arsed i n t he
sanme or different compositions. The invention further relates to a nethod
for the preparation of a pharmaceutical conposition conprising adm xi ng an
effective anount of an IL-18 inhibitor and/or a TNF antagonist with a
pharmaceutically acceptable carrier““The invention further relates to a
met hod of treatment of a heart disease, 25 conprising admnistering a
pharmaceutically effective lly in
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20 and modifications are intended to be within the meaning an range of equivalents of the
disclosed embodiments, based on the teaching and guidance presented herein. ltis to be
understood that the phraseology or terminology herein is for the purpose of description and
| not of limitation, such that the terminology or phraseology of the present specification is to
be interpreted by the skilled artisan in light of the teachings and guidance presented herein,

25  in combination with the knowledge of one of ordinary skill in the art. -

EXAMPLES
Example 1: Inhibition of IL-18 reduces myocardial ischemic dysfunction in
vitro
30 Material and Methods

Reagents IL-18BPa isoform was expressed with a N-terminal (His)s tag in
Chinese hamster ovary cells and purified to homogeneity. The ability of IL-18BPa-(His)s
to neutralize IL-18 has been described (Kim et al., 2000). The ICE inhibitor (ICEi) Ac-Try-
Val-Ala-Asp-chloromethylketone (YVAD) was purchased from Alexis Biochemicals (San



art (including the contents of the references cited herein), readily nodify
and/ or adapt for various application such specific enbodi nents, w thout
undue expwpima®ei4adi on, without departing fromthe generalPcamprorpis4of the
present invention. Therefore, such adaptations 20 and nodifications are

I ntended to be within the neaning an range of equivalents of the disclosed
enbodi nents, based on the teaching and gui dance presented herein. It is to
be wunderstood that the phraseol ogy 6 terninol ogy herein is for the
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substrate-free Tyrode's solution contained oline chloride at mmoUl i ter
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mmin di %%Etote 58—4(\{\6 g?taa fLI 35-7.45. Each parameter was checked routinely with
20 an automated blood gas analyzer. The organ bath temperature was maintained at 37°C

throughout the experiment. During simulated ischemia, the gas mixture was switched to
92.5% NJ7.5% CO,. This mixture produced an O, partial pressure of <50 mmHg. The
buffer solution was changed every 20 min except during the 30-min period of simulated
ischemia.

25 Experimental Design Trabeculae were equilibrated for 90 min to increase the

baseline stretch force to 1,000 mmg and to allow stabilization of developed force.
Trabeculae that failed to generate more than 250 mg of developed force were excluded
from the study. During the 90 min of equilibration, pacing was performed with platinum
electrodes (Radnoti Glass, Monrovia, CA) for field stimulation. The electrodes were
30 placed on either side of the trabeculae, stimulated (Grass SD9 stimulator, Warwick, RI)
with 6-ms pulses at a voltage 20% above threshold, and paced at 1 Hz during normoxia
and at 3 Hz during ischemia. Contractions were monitored by force transducers (Grass
FT03) and recorded with a computerized preamplifier and digitizer (Maclab Quad



a force transducer and i Mmersed in a heated (37C) 30-mlL bath of nodified
Tyrode's solution; a 92.5%02/7.5% CO2 m xture was bubbl ed during

nor noxi a. wolneeas m xture provided an 02 partial pressureTafPoz8®d4 nmHg (1
mMHg = 133 Pa), a partial pressure of CO2 of 36-40 mmHg, and a pH of
7.35-7.45. Each paraneterwas checked routinely with 20 an automated bl ood
gas anal yzer. The organ bath tenperature was naintai ned at 37C throughout
the experinent. During sinulated i séhenia, the gas nixture was switched to
92.5% N2/ 7. 5% CO2. This m xture produced an 02 partial pressure of <50
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20 95°C for 15 min, then cycles of 94°C for 40 s, 55°C for 45 s, and 72°C for 1 min, with a
final extension phase at 72°C for 10 min. The optimal number of cycles was determined
as 35.The primers for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
human IL-18 (Reznikov et al., 2000) and for human IL-18BPa (Kim et al., 2000) have
been reported. The PCR products were separated on a 1.5% agarose gel containing

25  0.5x TBE (50 mM Tris/45 mM boric acid/0.5 mM EDTA, pH 8.3) with ethidium bromide at
0.5 mg/ml, visualized by UV illumination, and photographed. Densitometry was
performed on the negative image (IMAGEQUANT software, Molecular Dynamics), and
the relative absorbance of the IL-18 and IL-18BP PCR products was corrected against
the absorbance obtained for GAPDH.

30 IL-18 Determinations Fresh trabeculae were homogenized as described above
for CK measurements. IL-18 was analyzed with liquid-phase electrochemiluminescence
(ECL, Igen, Gaithersburg, MD). Mouse anti-human IL-18 mAb (R &D Systems) was
labeled with ruthenium (Igen). In addition, affinity-purified goat anti-human IL-18 antibody
(R & D) was labeled with biotin (Igen). The biotinylated antibody was diluted to a final




15 honogeni zed in Tri-Reagent (Ml ecul ar Research Center, C ncinnati), and
total RNA was isolated with chlorof ormextraction and i sopropanol

preci pi t avDo/060liee RNA was sol ubilized in diethyl -pyrocarbor®vzedsseat ed
wat er, DNase-treated, and quantitated by using GeneQuant (Amersham

Phar maci a Bi ot ech). cDNA net hods have been described (Reznikov et al.
2000). For each PCR, the follow ng s£quence was used: preheat at 20 95C for
15 min, then cycles of 94C for 40 SBSSCfor 45 s, and 72C for 1 min, with
a final extension phase at 72C for 10 min. The opti mal nunber of cycl es
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Sci epgcesections were then incubated with a secondary goat anti-rabbit antlbody conjugated to
Alexa488 (Molecular Probes) for 60 min at room temperature in the dark. Nuclei were
stained blue with bisbenzimide (Sigma) at 1 ug/100 ml. After staining, sections were
washed and examined with the Leica DM RXA (Leica) confocal laser scanning system
and analyzed with SLIDEBOOK software for Maclntosh (Intelligent Imaging Innovations,
25  Denver).
Statisical Analysis Data are expressed as the mean + SEM. Mean changes in

developed force were calculated relative to the control value at 90 min for each patient's

tissue. Statistical significance of differences between groups were determined by

factorial ANOVA with Bonferroni-Dunn post hoc analysis. Statistical analyses were
30  performed with STAT-VIEW 4.51 software (Abacus Concepts, Calabasas, CA).



Durham NC) on isopentane cooled with dry ice. Frozen sections (5 pm were
cut on a Leica CM 1850 cryostat (Leica, Deerfield, IL). The slides were
fixed forwD®2rv0¥79 n 4% 15 par af or mal dehyde, air-dried, anddrmrobedisad for 20
mn in PBS supplenmented with 10% normal goat serum Sections were
incubated in a 1:100 dilution of rabbit anti-human IL 18 anti body
(Peprotech, Rocky Hill, NJ) or nonimmune rabbit 1gGat 1 pg/m as negative
control. The antibodi es were diluted®in PBS contai ni ng 1% BSA. After an
over ni ght incubati on at 4C, the sections were washed three tinmes with 0.5%
BSA in PBS. 20 sections were then incubated with a secondary goat
anti-rabbit ?‘ﬁq"ﬁody conjugated to Al exa488 (Mol ecular Probes) for 60 mn
at room t enpEeaEfferot of Newtratizatieonlof ENdoderiousvl-#8 with Hi-heRP bh iRestisichémic
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20 active IL-18 after processing endogenous precursor IL-18 by ICE. Therefore, IL-18 was
measured in freshly obtained atrial tissue. As shown in Fig. 2, basal IL-18 was present in
trabeculae obtained before the insertion of the of pump-oxygenator canula into the right

atrium. After 90 min of equilibration, 30 min of ischemia, and 45 min of reoxygenation,

trabeculae were homogenized, and IL-18 levels determined. There was a 4.5-fold

25 increase in IL-18 in the tissue after I/R (Fig.2).

Steady-state mRNA levels for IL-18 and IL-18BP were also determined in these
tissues. We observed basal gene expression for IL-18 and IL-18BP in the freshly
obtained preischemic atrial homogenates (Fig.3 A, B). Similar to the increase in IL-18
protein, I/R induced a further increase in steady-state IL-18 mRNA levels (4.7-fold

30 increase). IL-18BP gene expression was also observed in freshly obtained atrial tissue

and increased only modestly (1.3-fold) after I/R.

Location of IL-18 in Human Myocardium Because IL-18 protein, as measured by

ECL, and IL-18 mRNA are present in freshly obtained myocardial homogenates,
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20 in contractile function from 35% of control in I/R to 60% at 10 pg/ml and 75.8% at
20 uyg/ml (Fig. 4). These results confirm that biologically active IL-18 in human

myocardium is the result of cleavage of preformed precursor IL-18 by ICE. In addition,

these results suggest that myocardial ischemia may activate latent ICE.

25 Preservation of Cellular Viability
Intracellular levels of CK were used to assess the degree of cellular viability after
I/R. In this assay, the higher the CK value, the greater the number of viable cells. Each of
the anticytokine interventions resulted in the preservation cellular viability. As
demonstrated in Fig. 5, IL-18BP and ICE inhibition (10 and 20 pg/ml), increased
30 intracellular CK levels after I/R from 1,399 to, 5,921, 5,675, 6,624, and 4,662 units of CK
activity per mg (wet tissue), respectively. These observations suggest that inhibition of

I/R-induced activation of IL-18 and preserves myocellular viability in this ex vivo model.
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20 interestingly, IL-I18 is not as potent a myocardial depressant as is TNFa.

Preservation of cellular viability
Casases are often associated with apoptosis. To assess cellular viability in

trabeculae exposed to TNFa, tissue intracellular creatine kinase (CK) was measured. in
25 this assay, high CK levels indicate viable cells. As depicted in Fig. 8, control trabeculae
which underwent 90 minutes of normoxic superfusion, contained 68014276 units of CK
activity per milligram of wet tissue weight. In contrast, trabeculae exposed to a 30/45
minute /R injury or 90 minutes of TNFa exposure exhibited decreased levels of
preserved CK of 17744181 and 3246+217 units/mg, respectively. Trabeculae exposed
30 to TNFa in the presence of IL-18BP contained 5605+212 units/mg of tissue.
Interestingly, trabeculae treated with TNFa had greater preserved CK levels compared
to I/R trabeculae. This was an unexpected finding since the magnitude of developed

force at the end of the experimental period was similar for I/R and TNFa.



decrease in devel oped force during the experinental period. After 90

m nutes of continuous exposure to |IL-18, devel oped force was decreased by
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20 Induction of infarction into the left ventricle
Twenty four hours after administration of the IL-18BP plasmid or of empty
plasmid, mice were anesthetized by IP injection of xylazine and ketamine, ventilated and
subjected to thoracotomy. The left main coronary artery was then permanently ligated

using a 8-0 prolene suture, in order to induce myocardial infarction, after which the chest

25 was closed and the animals were allowed to recovery from anesthesia. Peroperative
mortality was less than 20%. Post-operative mortality was 48% in the control group and
26% in the experimental group, and occurred almost exclusively 4-5 days after ligation.
Seven days after ligation, the mice were reanesthetized and left venticular (Lv)
dimensions were assessed by echocardiography in the closed chest state, using a ATL
30 HDI 5000 echocardiograph. LV Fractional shortening was calculated from the measured
end diastolic and end systolic diameters. At the end of the echocardiographic
measurement, the heart was then taken out, fixed, and later cut in sections. Histological
sections were then stained with sirius red for the determination of infarct size.
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15 function of the left ventricle was significantly improved, as shown by reduced systolic

and diastolic diameters of the left ventricle.
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WO 02/ 060479 PCT/ EPO2/ 00844 36 CLAIM5S 1. Use of an inhibitor of IL-18 in
the manufacture of a nedicanment for the treatnent and/or prevention of a
heart di swale/e®7®. Use according to claim 1, wherein thepPag@po2/oissease is
i schemi ¢ heart disease. 3. Use according to claiml or 2, wherein the
heart disease is chronic. 10 4. Use according to any of the preceding
clains, wherein the heart disease ig angi na pectoris. 5. Use according to
claiml1l or 2, wherein the heart dise Qe is acute. 15 6. Use accordi ng to
claim5, wherein the heart disease is myocardial infarction. 7. Use
according to any of the preceding cl gmguyswherein the heart disease 20 is
cardiac failure. 8. Use according toany of the preceding clains, wherein
the heart disease is cardionyopathy. 25 9. The use according to any of

clainms 1 to 8 whqjg oS BiIL-9B iQthe makdadtire ¥ RRLREIMERTE RB
i nhi bi tor of &daspgé%l-? %@E&bmoc?' 'lbodi eg aaai rr(last | L- 18,manti bodi es

, ant i
agai nst tegiment andor preveionaf aheait disedi®ni ts, inhibitors of the IL-18
signalling pathway, antagonists of IL-18 which conpete with IL-18 and
bl ock the IL-18 receptor, and IL-18 bindin roteins, .ot Lso.f r g,
nut ei ns, fusedl prdi{ss ggordinghia Flapui WB?'P\'/‘a’thfg\)%?,” A:l%et""is\é/és 55 ?'P'ﬁ?lela ns or
ci rcul ar jideqper nut at ed derivatives thereof inhibiting the biological
activity of IL- 18. 10. The use according to claim9, wherein the inhibitor
of IL-18 is an antibody directed against |1L-18. WD 02/ 060479
PCT/ EP02/ 00843  37Usklaccdidingus elaint ¢ or 2 wigeréio thel tearh diseasdisrobranict he i nhi bi t or
of I1L-18 is an anti body directed against |IL-18 receptor a. 5 12. The use
accorfli ng to claim9, wherein the inhibitor of IL-18 is an anti body

4, Use according to any of the preceding claims, wherein the heart disease

is angina pectoris.

5. Use according to claim 1 or 2, wherein the heart disease is acute.
15 :
6. Use according to claim 5, wherein the heart disease is myocardial
infarction.
7. Use according to any of the preceding claims, wherein the heart disease

20 is cardiac failure.

8. Use according to any of the preceding claims, wherein the heart disease

is cardiomyopathy.

25 9. The use according to any of claims 1 to 8, wherein the inhibitor of IL-18 is
selected from an inhibitor of caspase-1 (ICE), of antibodies against IL-18, antibodies
against any of the IL-18 receptor subunits, inhibitors of the IL-18 signalling pathway,
antagonists of IL-18 which compete with IL-18 and block the IL-18 receptor, and IL-18
binding proteins, or isoforms, muteins, fused proteins, functional derivatives, active

30 fractions or circulardy permutated derivatives thereof inhibiting the biological activity of IL-
18.

10.  The use according to claim 9, wherein the inhibitor of IL-18 is an antibody

directed against IL-18.



directed against IL-18 receptor R 13. The use according to any of clains 9
to 12, wherein the IL-18 antibody is a humani zed or human anti body. 10 14.
The use awoarasmgsto claim9, wherein the inhibitor of |LPC8/EPS2/00844 L-18

bi nding protein, or an isoform a nutein, fused protein, functional
derivative, active fraction or circularly pernutated derivative thereof
inhibiting the biological activity §f7 I L- 18. 15 15. Use according to any
of the preceding clains, wherein the IL-18 inhibitor is glycosylated at
one or nore sites. 16. Use according to claim 14, wherein the fused protein
conprises an 20 imunoglobulin (1g) fusion. 17. Use according to claim?9
or 14, wherein the functional derivative conprises at |east one noiety
attached to the oFhawsecactodingitostalm §r whgsein thghinbivitercd ll- 188 anAndibedty nore si de
chai ns gn 10R _Ac | dues. 25 18. Use according to claim 17,
wherein Fﬁ%gﬁ%ﬁﬂkgﬁigﬁggﬂgﬁégthyIene noiety. 19. The use according to any
of the preceding clains, wherein the nedicanent further conprises a Tunor
Necr@si s Factor ( i ; ; i r.4l§ RCar svtisdRd M 19,
whergi n the ?ér)ihi bf%%segé&la@%éé??"ﬁgéﬁ@ergﬁgﬁ? tﬁgﬁgﬁg?& sequentdimg: ly, or
separ at dirgcted adainshi--TNEcemerdyoni st . WO 02/ 060479 PCT/ EP02/ 00844 38 21. The
use according to claim19 or 20, wherein the TNF antagonist is TBPlI and/or
TBPI'l. 22. The use according to any of the preceding clains, wherein the

i nhi bi tor of 13.5 | Thelgse agcpridny toany ot gais it toak2 wherelnige by 1B abiRodnisabout

0. 001 t g HLni3B4 konRharPRtblbayl to 10 ng/kg or 2 to 5 ng/kg. 23. Use of an
expression vector conprising the coding sequence of an inhibitor of IL-18

in tle preparation of a nedicanent for the treatnent and/or prevention i0
of a heart digeasghe 8o abdordifg tlBaifk Bf WHEEIBNhY @rHitsitor HOIL-18 duari lgt8and/ or
enhanci rl])lgnd%nrg];eprotein, or an isoform, a mutein, fused protein, functional derivative, active

fraction or circularly permutated derivative thereof inhibiting the biological activity of IL-

18.

15
15. Use according to any of the preceding claims, wherein the IL-18 inhibitor

is glycosylated at one or more sites.

16. Use according to claim 14, wherein the fused protein comprises an

20 immunoglobulin (Ig) fusion.

17. Use according to claim 9 or 14, wherein the functional derivative
comprises at least one moiety attached to one or more functional groups, which occur as

one or more side chains on the amino acid residues.

25
18. Use according to claim 17, wherein the moiety is a polyethylene moiety.
19. The use according to any of the preceding claims, wherein the
medicament further comprises a Tumor Necrosis Factor (TNF) antagonist.
30

20. The use according to claim 19, wherein the inhibitor of IL-18 is used

simultaneously, sequentially, or separately with the TNF antagonist.



endogenous production of an inhibitor of IL-18 in a cell in the preparation

of a nedicanent for the treatnent and/or
25. ©Met howoak/obweat nent of a heart di sease,

host

10

15

38

21.  The use according to claim 19 or 20, wherein the TNF antagonist is TBPI
and/or TBPII.

22. The use according to any of the preceding claims, wherein the inhibitor of
IL-18 is used in a concentration ranging between about 0.001 to 100 mg/kg or about 1 to
10 mg/kg or 2 to 5 mg/kg.

23. Use of an expression vector comprising the coding sequence of an
inhibitor of IL-18 in the preparation of a medicament for the treatment and/or prevention

of a heart disease.

24. Use of an expression vector for inducing and/or enhancing the
endogenous production of an inhibitor of IL-18 in a cell in the preparation of a
medicament for the treatment and/or prevention of a heart disease.

25. Method of treatment of a heart disease, comprising administering to a
host in need thereof an effective inhibiting amount of an IL-18 inhibitor.

prevention of a heart disease.
_ : Cdi s conpri si ng adwCaiEPOBOGSAY t O a
in need thereof an effective inhibiting amount of an IL-18 inhibitor.

15



