1 USE OF IL-18 INH BI TORS FOR THE TREATMENT AND/ OR 5 PREVENTI ON OF HEART
DI SEASE FI ELD OF THE | NVENTI ON 10 The present invention is in the field of
cardi ovascul ar di seases. Mre specifically, it relates to the use of an
inhibitor of IL-i 8 for the treatnment apd/or prevention of cardi omyopat hy.
15 BACKGROUND OF THE | NVENTI ON The cytokine interleukin 18 (IL-18) was

nitially described,geopnlBURHIETBRFGR THE YREAMERIAGASH o (Nakanura
et al., 1989). It = | ynphocyte
hel per scel | type 1 (THL) reppRUERSIO l5ELBEART D paegher with IL-12, 1L-2,
20 antigens, mtogens, and pvmmm%cévrs— to induce the

production of IFNy. I1L-18 also enhances the production of Gw CSF and

| L-2, potentiates anti-CD3 ind iferation, and increases
Fas-nmedi ated killing of natur aF%&E&%NN@R{% ure IL-18 is produced from
its pr cursor the 11-1(3.convertin nz | CE, cas e-1). 25 The
1518 Peceptor thetpat bt AEbe BT eaiimstier diepanae sgcfiehi gand
bi ndi ng. H edlateartd thewsaf ofi an tiphititondbfng-i 8 fersthbotrediteABan@be pfeventbri Bf
murine I L-12 st |ated T cells (Yoshinoto et al., 1998), suggesting a

mul tiple CREIQM %‘E[%Mor conpl ex. Two receptor subunits have been
identified so far, both belonging to the IL-1 receptor famly (Parnet et
al, 1996; Kim et al ., 2001). The signal transduction of IL-18 30 invol ves

activati on of NF- KB (D DonaBACKRGRAUND OFIBE INVENTIONLE recept or conpl ex
consists of two receptor chains: a |ligand-binding chain terned the IL-18Ra

chain and a simwRadytdkirRip@delrs 16 RL1B) wsmdaltyh%sbmbeh%@am@rfmﬁwm 18R
chain was initially isolated as a cell surface protein bindingt

radi ol abel'@éndupingdactenNasaaue ot %aé OB itfis ap eadnaignaldn e %@/eéaﬂrreﬁr% &flence
| ed d t dth
reveal ed i %BM%OP%'F% ??lff@\é%‘)?hpror Sﬁée% |L0'i@%fé toéé h"é?‘\‘v\ﬁtﬂ |‘Ef s QL'QE €

IL-1 Rrelated goe et at Recen Y,
sol ubl2® prastigemns, mitogags, &ndingpssialyfflmhearyadtons, foLind@etthe pnwntlmrsoﬂ |ENe,d|Lf-‘r8)m

T o e VA R TR TR SSES 92 oY ahEoH TR A et €
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Mature IL-18 is produced from its precursor by the IL-13 converting enzyme
(ICE, caspase-1).

25 The 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
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

30 involves activation of NF-«B (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
signal-transducing chain termed the IL-18Rp 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

35 receptor termed the IL-1R-related protein (IL-1Rrp) (Torigoe et at., 1997).

Recently, a soluble protein having a high affinity for IL-18 has been isolated from
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).

40 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,



40 IL-1 86P is not the extracellular domain of one of the known IL18
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Ischemic heart disease is a common cause of cardiac failure and it is the most
frequent cause of death in Western societies. It is usually due to coronary artery
atheroma. Myocardial lesions include ischemic fibrosis and acute infarction. Under

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
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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
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possible valvular insufficiency, ventricular aneurysm formation.
Myocardial infarction (MI) is defined as an ischemic myocardial necrosis usually
20 resulting 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.
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clinically, infarcts are better classified by ECG as Q wave and non-Q wave. The volume
of myocardium destroyed can be estimated by the extent and duration of CK elevation.
Ischemic cardiomyopathy is another disease within ischemic heart disease. In
20 this condition, there may be previous myocardial infarction, but the disease results from
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.
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due to t hedyséyncion @re pﬁ@\éeg rom animal studies. However, human myocardial tissues
20 obtained from patients undergoing elective cardio-pulmonary bypass procedures have
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 ischemia/reperfusion (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



endogenous cytokines (Meldrumet al., 1998). Mst of the experinental data
concerning TNFa and I L-1(i nediated nyocardial dysfunction are derived
from ani mal studi es. However, human myocardial tissues 20 obtained from
pati ents undergoing el ective cardio-pul?nnary bypass procedures have been
studi ed under controlled, ex vivo conditions (CGurevitch et al., 1996;
Cleveland et al., 1997). In this experinental nodel, human atri al

t rabecul ae are_sus&ﬁn_de in a_ blood-free, phé/si ol ogi ca# Ir%/ oﬁﬁgenat ed
buf fer bat$FhaRR t HeRPERHoBWINPloSeRAralE; ¢blooReutdlizglion: el thes fllshiinduahg i ng

this tkmecyeRiMesactiol nd -9 BacERpFaSgEMATERIdgeAbbY, MMTERIZEDE 2% Ui §sLe IS
re- exposed to oxygen, the contractile force returns but is di mnished

(60-70% regulationoRy ardimiar quieat ast IMrocheuiraliratioandyeld dnhibitoesy vand Hyeir

rel ease OfinciRAtdnPh didd3R8S hald¥er( fB4EANId ifltndtpritlart, 1996; C eveland et al .,
1997). When TNF bioactivity 1s specifically neutralized during

i schemi al r eper fResiingiande; BYO 2B/H804t disclesasuinterieikiodfit eanyeiting gnayme (IGE)

observed [ i T [yt ' sto
tho. 50 coNTeEnt FhshBimERiONIIAUE Rl Rip et eae il drobRided BAES
1999) 10Daasieath et apopt¢sifo@)d et @ thecapiestic applivation of inhjbiten af epedesisieme of
ischema .fol r | m] oying a nmurine nodel of renal

i schem a. lgl‘ﬂuedyeot\é%gmg%t ({fﬁr%cgllre@rllgﬁar?@w MRNA up-regul ati on coi ncided with
caspase-1 acti W6 d1i/a895@ayedcribes| anliig18i golitmdies. | Phgngarmdanyl - diffensRINA
wer e subs : 5 | t £ ol | ow el S ] & i ned,
but not sg]ggfg@%g%/al i‘ﬂﬁeré?%ncﬁ%s%g rcgl tfwgg%lfgtﬁgogfést wggﬁﬁﬁﬂ“;{é’i ﬁf ﬁcgﬂlrﬁlsl @Q %Jg{tl oki nes
| L- 12 and and-caglieorevhpadyy aremepdioned.dependent WMHC class | and || up-

regul g&ion to ax/véidﬁ/éfz’on‘?éﬁ%fagttoﬁ%d 'é'%fYL-ﬁ‘ﬂHMb@EisziﬁFaitr%’Poscﬁér'%é i nhibitors
and th3ir involvenent in alSeases Nave been described 1n Che prior art.
For instance, \4ot98! 243:arid2G00! 84.668-60%ddsetbemthe (iBvobement b thel &inacnte (| CE)

i nhi bi tor ' r [ ndi LRleqin
progr ammzn%ol;{atdﬁaqrgg'ggg? %n%%%ggtlgg?sa%aéaﬁar‘{eﬁgﬁCA&@F%@? %’éﬁ%ﬁ %ﬁlgéfélvlﬁtcr{at ion
of i nhi bi tacote njocpdatinfgiciomay i ncl ude treatnment of nyocardial infarction.
WO 01/ 58956 de i ty - Lk- i | .es @mgg i ff ;
hypot het i cal tﬁlgrbla@zu 7??: dgglélibeé?ost %)gégg@lér{ﬁ i €es, Eear%uﬂoéin%érag'% factor
nmyocardli alrecepiter sipedamilpnahd és divoivgoeat hy ther egoiation of ddne Taeteidlioty. 5&01
relates t Odotcnﬁ\eh’? gls8fre*e|rs' :l'g cbfm‘n%'ti&‘? rtl’?eréay %@e& %%?Ab%'? C3)?'c%mpounds, among

which IL-18 inhibitors and TNF-inhibitors are mentioned. Heart diseases are not

mentioned in this document.

However, IL-18 has not been described to play a role in cardiomyopathy so far.

25
SUMMARY OF THE INVENTION

The invention is based on the finding that an inhibitor of IL-18 substantially
improved the contractile function of heart in an ischemia/reperfusion model of
suprafused human atrial myocardium. Inhibition of caspase-1 (ICE) also attenuated the

30  depression in contractile force following ischemia and reperfusion.

Furthermore, the administration of an IL-18 inhibitor in a murine model of
myocardial infarction resulted in an enhanced survival and in significant improvement of
ventricular function. '

These studies demonstrate that inhibitors of IL-18 are suitable for treatment or

35  prevention of myocardial dysfunction.
The present invention therefore relates to the use of an inhibitor of IL-18 in the

manufacture of a medicament for treatment and/or prevention of cardiomyopathy.



Seta et al., Heart 2000; 84: 668-669 describes the involvenent of I1L-18 in

acute nmyocardial infarction and suggests |IL-18 as a marker of cardiac

darmage in patients with acute myocardial infarction. WO 01103719 descri bes

osteoprotegerin, a nmenber of the tunor necrosis factor 20 receptor

superfamly, and its involvenent in the regul ation of bone netabolism This

docunent also refers to conbination thd®apy with a nunber of conpounds,

anong which IL-18 inhibitors and TNF-inhibitors are nentioned. Heart

di seases are not nentioned in this docunent. However, |L-18 has not been

descri bed to plimgrdgr koarply & geae thesaResiiaenprogeh tadeliventhe JLIRIFDITF torthe

| NVENTS O'\'dE@ssédwgéue' OcdiiS tRAFRENRI FL{FﬁﬁeF kd1ste8 90 ttﬁ@hsérbn' &mréésﬁd?{ v&tod L- 18

substantla' 'y 1 nproved the contract! function of heart

i schen a/ ceperising thencagngeseqpenceseffnali-ciSdahipitarder the utrneatmem@ad/pd pwventlon

Inhibitio Eﬂgg 1 (ICE) also attenuated the 30 depression in

contractll%(gg%rd ?éﬁyomﬁng i schem a and reperfusion. Furthernore, the

adm nistration of an IL-18 inhibitor in a murine nodel of rmyocardi al

infarction resulted in an enhanced survival and in significant inprovenent

of véftricul ar functi onBRiHeBESSRIQTIEN QENbHs PRAVENGTat i nhi bitors of

| L-18 are suitable for treatnment or 35 prevention of nyocardi al

dysf uncti dif._Thahgwysedbateffast it ILlotBBM eorefisghemizingtie’d toyqdaedials sonfraciie

i nhibitor of Ilg éﬁnamnthe manuf acture of a nedi canent for treatnent and/or

prevention of g opathy. 7a |In order to apply a gene therapeutic

approach t6) delKinadic fleméoﬂSE t988¢hﬁmlb|lméw fFellewirg Bailisedion deq) sonioldtidlel | |

the ipgyention f r Wifera S c si ng
1% trlé'btaglﬁé? \‘ic‘/lePet es'ijf é?ué b| Ter Tfy\oﬁ?fé?ic,e Sridtions ftr%u%]fo%pfﬂe

t he codlng sequence o e treatnment an
prevention of eaaerdmmyw@swae wrewmsct%mm@‘uepfﬁm DRSS g. 1

shovs the ef feqt gesdcel8PTLa8abSRen! AHHCRHO 9508 dhdbabeiardsihl b

dysfuncti on. netic response t mc I njury
equi li bration (degglppedbfarestor@anet)to initiation of the experiment (time zero). The data

are derived from trabeculae of a single patient and are representative of the

20 methods used to calculate the mean change in developed force at 90 minutes.
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15 trabecul ae were suprafused under nornoxic conditions throughout the
experinment. Trabecul ae were subjected to ischem a/reperfusion in the
absence or presence of IL-18BP (5 ug/m). The vertical axis indicates
percent of devel oped force conpared to initiation of the experinment (tine
zero). The data are derived fromtrabgculae of a single patient and are
representative of the 20 nethods used to cal cul ate the nean change in
devel oped force at 90 mnutes. 25 30 35 40 45 8 (B) Post-ischenmc

devel oped r C@cfsﬂlsbl%’?ﬁ@@ei?&bﬁd’dﬁbio’éabliowhgo'feulrbhzhﬁombt Ih-18 with 5 og$ py/nof

| L- 1813P. esults are eﬁ%resse ng? RFrcent qh@ng |%.d velqge force
relative to C raf I-38BRVR Q't%ﬁﬁ?p‘?ngqsfiﬁ B MPRBBFEY DRI evﬁ?peg "Runber s
in parent heseselativth €R0H! FdllovBPcormplgtionl of fepérfusionp (M. ﬁﬂmﬂen)palumdersdnl /IR 5
(i schem a/ reperfusion) th rdial ontent.
Tr abecul ae wer PAIHRT Qﬁl?Q%aQTHT?@ﬁfﬁﬂ @%"ﬂyﬁh?es BFobuprépggg%ﬁ un

nor noxig£ condi tiseAsmiaegsdriusion).or 45 mnutes foll ow ng 30 m nutes of
ischemia (I/R). Trabecul ae were matched from 10 t he sanme subjects. |L-18

| evel s are indicated on the vertical axis in pg/m. N=4. ° P<0,01. Fig. 3:
shows the Eigeadghovatie hiyedBdiahd -18 prEER coRteAt. | Bebeailden ween hpopgesized

| schem ¢ - at “ afj tvx'gr?gzp iGs§ P sB;f)r]ah{smaebnﬁgld nbﬁn&ﬁ:ﬁ%nﬁﬁ@ﬁs ‘Qﬁfn?rol oF Qﬁm ned

by RT-PCR Trom one ects eval uat ed ows the
et hi di unbr omi demmumsrfdtsbwa@a&bww of is¢hemig ﬂﬂR)t ﬁ@bm@%\”&ﬁj@?@%f’@“

separajgd, and %Qme@u?,ga@ m%%\r&safe.mwd & ma%meauojx.g.h%gmm ~of PCT

product” as foI eRange control ( GAPDH). 4. shows the effect of
| CE inhibition ;m\i)Q)lost -ischem c devel oped force Resul ts are expressed as
nmean percent change in devel oped force reI ative to control (Crl1)

follow ng ischem a/reperfusion (1/R). Nunbers in parentheses indicate the
Fig. 3: shows the steady state IL-18 and IL-188P mRNA levels in control and ischemic

atrial tissue. Levels of IL-18 and IL-18BP mRNA were determined by RT-PCR.

15 Data are from one of two subjects evaluated. A shows the- ethidiumbromide
stained agarose gel, in which the PCR products were separéted, and B shows
the results of quantification of the amount of PCT product as fold change to
control (GAPDH).

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 ug/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.



concentration of ICE in gg/m. N=7. * p<0.01 conpared to I/R 25 Fig. 5:
shows the tissue creatine kinase (CK) activity followng I/R CKis
expressed in units of activity per mlligramwet weight of tissue. The
experinmental conditions are indicated under the horizontal axis. Crl and
/R, N=6; IL-18BP (5 g/m), N=5; ICE {10 and 20 g/m), N=5 each; * p<0.05
conpared to I/R 30 Fig. 6: shows the nean change in devel oped force
relative to the devel oped force following the equilibration period, set at
100% ( N=S)eyq f b ALSRMGAROIAEUGBHSHomohan HoRBIBLISS T, A 518Tber Bbftid © the
addi tion of “TNFa 1 ng ﬁﬁ)o %Ea an%rvnl [ T8BE" Were added toueaeéh%ng({)%é
change’s 9 Fi g.conditienfoMatinedL18rpe0 ap/mikwptshaddedfto tia rakieeulag threudheoul ae
to | L-18 under youi0iComefitiflial pBAsd. M YocdiladSinkiafan @k ded
to atrial trabecul ae tnh?)oé)ﬁgﬁ%ut Pt ﬂe 90 mn 8xpexr_i ment al pg_ri é%%% gﬁfj
vertical axis ichangafre® haselineedaveloped &rce. Theabrgeling was Hateemined ajévetrshed
force. The basegkiiRg MRTiLERLE IEBEAn8t shdlenENtke)0F P he ogfui+kiprap riod
(not shown). (n:G?. (_:)ﬁaFl < 0.0%?,” ! Ej(nP S 0._(?0? ag conpar ed toFk_)coEtdra(ﬁ)llé)S:t t he
sane interval &empaad thecandphiatdide samehinterval anpdel rteat wmabeder odf. R ci .

8: shqys the prgsghimatiaai@l nyocel lular tissue creatine kinase activity
foll ovmwrig exposEr(Ia to Ipé‘élﬁ TNFa (1 ng/m) and TNFa (10 ng/m) + |L-18BP.

CK activity is 15 expressed in units of CK activity per mlligram of wet

ti ssue wei ght. aﬁiqn:G). DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nvention ﬁ&ﬁa’l yssews dhe trreservatign i) nyaeellular tissue riedfineolkisasex aetivity follpwing
beneficial eff I (g i I gl h1 L Sedpn ;

di seases. As Sﬁeg‘[,)\#dl?%Q@f/ﬁéTgfggiﬁ]g@n%gﬂg\?\t?\flio!e@grryml |rlf I;'Ler ent’ %Q%ﬁﬁt? 'S

i nhi bilbors wer eexpreseed inaurdts lof GKtactivityi peminfilligrant of wed iesuecweaiphte{rf=8¢t on
post-ischem c devel oped force of the heart nuscle. In addition to this, an
inhibitor of IL-18 was tested in an in vivo nodel of myocardial infarction

ventrioul ar function The | MEEIFER RRer s RoN OF SHENVERENES, oF an
| L- 18 i nhi bi t orTHeopreshet invemtidhacst bagedonatheefiidigrtrat Hel8 irtidbitorse @kenk rat
and/ or,)pr qu.eif LN b fHAHURE2RAL Y pait@ular in ischemic heart diseases. As shown in
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
myocardial infarction and resulted in an elevated survival and significantly improved

25  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 cardiomyopathy.
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35 40 10 510 15 20 25 30 35 11 Cardiomyopathy is any structural or
functional abnormality of the ventricular 5 nyocardium The term
"prevention” within the context of this invention refers not only to a
conpl ete prevention of a certain effect, but also to any partial or
substantial prevention, attenuation, reduction, decrease or dimnishing of
the effect before or at early onset of , 10 di sease. The term"treatnent"”
within the context of this invention refers to any beneficial effect on
progression of disease, including attenuation, reduction, decrease or

di m ni ghi ng of the pathol ogi cal devel opnent after onset of disease. The
term"inhibitor of IL-18" within the context of this invention refers to
any 15 nol ecul e nodul ating IL-18 production and/or action in such a way
that IL-18 production and/or action is attenuated, reduced, or partially,
substantially or conpletely prevented or blocked. 20 25 30 35 40 45
12
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5 Inhibitors of I1L-18 action may be IL-18 anti bodi es, such as pol ycl onal or
nonocl onal anti bodies. In the present invention, the inhibitor of IL-18 is
selected frominhibitors of caspase-1 (I1CE), antibodies directed agai nst

I L-18, antibodies directed against any of the IL-18 receptor subunits, and
| L-18 binding proteins, isofornms, nuteins, fused 10 proteins, functional
derivatives or thereof |nh|b|t|ng t he Hﬂologrcal activity of 1L-18. The
term"IL-18 blndlng protelns is used herein synonynously with "IL-18
binding protein” or "IL18BP". It conprises |L-18 binding proteins as

def i ned in WO Ozodiongermtiy is ﬁnwuc'ruraétoraftunctlomb9bn¢rmﬁ"%dpfngresprentﬂ@ular
variants andj.gryjnsof orms of |1L-18 binding proteins, as defined in Kim et
al ., 2000, mhrch bind to IL-18. In particular, human 15 isoforns a and c of
| L- 18BP are useful in accordance with the presence invention. The proteins

useful accor di Agetrh hBreQérﬁﬁ;‘?umwu W\Vfﬁ'%t MexXTRY tllﬂg nQJéﬁﬁQﬁYéf%Fseﬂot%le%‘ a

gl ycosyl ated, they may b erived fromnatural sources, such as urine,

they may cgrr@feéfr afsivention C?fr&)@ﬁl’é‘?éfuefﬁ%‘éd?%rahﬁﬁt) |y p%@bﬂﬁ%fﬂ”“é@@é@%@bn may
be carriedyghia Oiro a@r we&regs@zsroaﬁmmﬁg B HeCffect béfrdor §t0é rty SMset B
eukaryoti c, pre erably 1n manmmal 1 an, expression syste As used
hererdOthéﬁﬁeﬁﬁr mut ei ns" refers to anal ogs of an IL-18BP, or analogs of a
viral |L-18BP, 1ig i Ctrba%ent@wtmrtﬁe%g %Q?o |sNRveHtibA réRR QU@ Bdneficiapt ur al
| L- 18BP or vrral I'L-18BP are repl ace erent am no aci resrdues or
are del et effectoronopeogsessiarorad  digears, a'@PIGId'rnGs PHeRuatin.e redusten.t desteasaadiur al
sequence Qﬁmiﬂ@P'n O}Wpat%loﬂcéﬂ'ofe% o&ﬁerlutl-ajﬂéggnsé’ﬁ"o? E'igé‘éseChang' ng considerably
the activit he resul ti onpared with the wild type

| L- 18BP or vi r dihe| term §mBibior vﬁélséS rrWl”@ﬂ ﬁbe &petepsr ebﬁr%wvcptlomrﬁms toyaihesi s
and/ or by 1

Fechni gus "Ry Flp rioBFREy [t ARRGRlch rRfor e sith 0¥y T &1 BRgton

i nvent i on anAEr @gkompisatisintatednissldest, sy partialip smbeiraetladlyamcmmpéqjcih pagveDiet or
RNA, whi ch %EE kigll zes to DNA or RNA, which encodes an [|L-18BP or encodes a
viral IL- 1é In accordance with the present i nvention, under stringent
conditions. The term "stringent conditions" refers to hybridization and 35
13 subsequent washi ng conditions, which those of ordinary skill in the art
convenpi onal |y
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refer to as "stringent". See Ausubel et al., Current Protocols in Ml ecular
Bi ol ogy, supra, Interscience, NY., 6.3 and 6.4 (1987, 1992), and Sanbr ook
et al., supra. Wthout limtation, exanples of stringent conditions

i ncl ude washi ng conditions 12-20C 5 bel ow the cal cul ated Tm of the hybrid
under study in, e.g., 2 x SSC and 0.5% SPS for 5 mnutes, 2 x SSC and 0. 1%
SDS for 15 mnutes; 0.1 x SSC and 0.5% 3DS at 37C for 30-60 m nutes and
then, a 0.1 x SSC and 0.5% SDS at 68C for 30-60 m nutes. Those of ordinary
ski N |n this art understand that stringency conditions al so depend on the
| engt hoof the DNAPIEQEE RNt %‘F'P@dﬁ%lt&)t‘h aé Pitibpdiss, sueh ags pelyclatalbases)
or to m Xqfordddanaiibedksde probes. If mXxed probes are used, it is
preferable to use tetranmethyl amonium chloride (TI\/AC) i nstead of SSC. See
Ausubel , supra.ln ARG rsegant fpyestian.piher BhRIPR ohdls 18 is cxplrotrdk from ibitorsaof ds

suffici e”tda)é aé@“’P'(I'CEz)‘t éM%le%stch@Etleag%lhs{ irL @Bﬁrtlbeﬂle@é rébt% %@E*n)ét any of

duplicative of a viral - P, such have an activity~conpa eto
| L- 18BP. dhe lhd!Si quw%fsqbemi%mﬂq é'—11§sb'6€!b9bﬁ>fpteﬂf}8 dsofesnsyi myteing, |fusadB. As

long 39 t hpo@iHseiuRctitRal @éiplﬁﬁ\?é%tdr%ergbﬂﬁﬂlﬁgn%ﬂe'B(él&%lcél%c{\%‘rtiyj&iL {4 can be

used in the purlflcatlon of IL-18, such y mean init
chr omat ogr aphy, Théntermhus-18chindipg eretelisd eleﬁesiohwamesmmmnslt/awnﬂy ‘8 | ar

activity tt@ndu‘q %&ﬁgn Bhug.18BP” Clﬁ%opl%rlséleﬁ@ﬁénﬁmbd"’ﬂ%t&ﬁé a%.”é(efﬁh'eME%H \}Wf ein

has substanti a Iy t he same activit ans of routin
exper i ment%7W_3 cQSd’ﬁrN%’l'qlfgetsﬁlibj @@91 W§|U§lﬂl§rﬁpéi0¢r1yﬁ@@ﬁis agdigr isaferms Qfoll-s‘ia’rpl e

sandwi ch baote% %§%@Nnéo°in¢@ﬁ19ert'5] %omﬁh#a%.rfartonmsl fh g%h%ﬂ%rtrﬂm%

approprlatel abeled IL-1 such as radi ol munoassay q¥
pr ef erPed '%Qf%féﬁ #8n¢ ¢ 0&&.%%58@%@@‘% [Rgsordangeawish tfwop/@s@rmtmvemtlom he

honol ogy h q ftoe v cod
| L- 18BP Vﬂtgér)rtgiﬁgggze?@las%%&{] getg ﬁ?\?\%ggg&d’gvoeég%wgéé%ﬁ gr yg?g%?t@@ ﬁas at

| east 50%9l¥osylalgdt they msawde derived §iony potra tsopsest SW/@%M’INWt thpy @hay abl y,
at | east %Qe/fél*éi)‘l?y‘i)é bYoo%Eecﬁ‘?é&'nQﬂiéntl? rﬁé&@rﬂ:mdﬂt‘&?br@%&% nhdy’ ﬂ@@g)rrlealoﬁpﬁﬁt i des

or nuteins of viral 18BPs, whi ch” can use in accordance wth
present i rfefRryadis, emreﬁﬁm eqystegitd ik dE ngot.her éf oeukaryadicudamda pfaferably inset  of

subst agt i %émmgqgr{ %§mggbﬁ1gy§§rgyences as substitution peptides or
pol ynudeot i des whi ch can” be routinely obtained b%;a one of ordinary skill

in the art, wi tﬁkﬁdmedm@ theetepre r mHisisatefens, to lsaaleds ehan heldBRaohiangegaint
gui dance Fy\ﬁﬁa@ﬂ_t-%ﬁ"?ﬁ @hlkh d:ﬁ%edcr%cfrggf HRANGAS abRre UL &S MluRFROT&EGe W th

the present invention are
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

25 IL18BP, 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 suitable therefor.

Muteins in accordance with the present invention include proteins encoded by a

30 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

35



are known as "conservative" substitutions. Conservative am no acid
substitutions of |L- 18BP pol ypeptides or proteins or viral |L-18BPs, may

i ncl ude synonynmous am no acids 14 wthin a group which have sufficiently
simlar physicochenical properties that substitution between nenbers of the
group will preserve the biological function of the nolecule (G antham
1974). It is clear that insertions and dél etions of ami no acids may al so be
made in the above-defined sequences without altering their function,

particularly if the 5 insertions or, del etiogns,onl lve a fe no acids,
e.g., under SHRRRYSNT wasHNG capdiions; yhich fepsp BW'na&%gk'biB‘ gtawgwger‘ﬁ"oa%d. spl ace
am no aci ds refbr fbhas;imnrﬁgeht"l Gat Awsulel fatrt.l iCanraht Potutbisr ineMbleoylareBiglogy,cyst ei ne

i d . Prot d ' d del
Core i hi notiie: BIFFTRRPopSengst BOHEH (ot o SplPRet R Y ednony mous
am no aci d yithogdindtatort, Braepldedf stregientconditivres idclude wastingecopditibrs HH207C t he
Synonym)}’y tﬁlowciheagél&lﬁéé’%sof%e ta}b'?.gstﬁudgﬁétu 444, éghﬁbé%:e %hd ) sﬁ,?ﬁ%l .3

pref erab ASNYNoOUS am no roups “are Yhose I ne
TABLE 1 Pr eﬁernmads G)@S§§ ayid W&W%muﬁw Al ¥$SC=n0-A% $Q$ at fonynous

Goup S . Phe, T
v Upv > er Lgﬁraopeﬂ‘ﬁm &u@syamdptﬁg g 1:3){ §sc Qna‘»o dn)é%osﬁ‘a#sa U'Ali%r 3b%’é rhl'natleg g N yr,

Thr Ala d Jhoqemf orcrnnasy shill ip tig| arw\mdersmd thmw@ngpn@/ cangijonsglpo déwd,sana Thr,

Pro, Ser, tihe DNA a achl6§.10Met b Il e,
Val , Leu, Phe ieT&p M‘T;rhe Sé%%@mceg bhgdﬁ%le?thﬁgﬁaﬁes% oh 59" :%i@ I:%E‘?)rmWs H s

Gu, Lydo G"?ixedTﬁ'l'QO”N‘%o“dPh Rrobgsy Igngjxed_peobesgre ‘Heg 'tTﬁr pr
tetramethyl ammonium chloride (TMAC) instead of SSC. See Ausubel, supra.

Any such mutein preferably has a sequence of amino acids sufficiently
duplicative of that of an IL-18BP, or sufficiently duplicative of a viral IL-18BP, such as
to have an activity comparable to IL-18BP. One activity of IL-18BP is its capability of

15  binding IL-18. As long as the mutein has substantial binding activity to IL-18, it can be
used in the purification of IL-18, such as by means of affinity chromatd‘graphy, and thus
can be considered to have substantially similar activity to IL-18BP. Thus, it can be
determined whether any given mutein has substantially the same activity as IL-18BP
by means of routine experimentation comprising subjecting such a mutein, e.g., to a

20 simple sandwich competition assay to determine whether or not it binds to an
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 I1L-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



30 Asn G n, Asp, Ser, Asn Lys Qu, Gn, Hs, Arg, Lys Asp GQu, Asn, Asp Gu
Asp, Lys, Asn, Gn, Hs, Arg, GQu Mt Phe, Ile, Val, Leu, Met 15 Trp Trp
TABLE 2 More Preferred Groups of Synonynous Amino Acids 5 Amino Acid
Synonynmous Group Ser Ser Arg H's, Lys, Arg Leu Leu, Ile, Phe, Met Pro
Ala, Pro 10 Thr Thr Ala Pro, Ala Val %al, Met, Ile Ay Gy Ile lle, Met,
Phe, Val, Leu 15 Phe Met, Tyr, Ile, Leu, Phe Tyr Phe, Tyr Cys Cys, Ser His

Hs, Gn, Ag Gn GQu, Gn, Hs 20 Asn Asp, Asn Lys Lys, p Asp, Asn
Gu Gu, Gwithiveigrauptwhicheave ishificient S|mL@@hyaﬂ®dnerp'ca1rqﬁowr§®JEat§Ubst'tutlon

between members of the group will preserve the biological function of the molecule
(Grantham, 1974). It is clear that insertions and deletions of amino acids may also be
made in the above-defined sequences without altering their function, particularly if the
5 insertions or deletions only involve a few amino acids, e.g., under thirty, and preferably
under ten, and do not remove or displace amino acids which are critical to a functional
conformation, e.g., cysteine residues. Proteins and muteins produced by such deletions
and/or insertions come within the purview of the present invention.
Preferably, the synonymous amino acid groups are those defined in Table 1.
10 More preferably, the synonymous amino acid groups are those defined in Table 2; and
most preferably the synonymous amino acid groups are those defined in Table 3.

TABLE 1
Preferred Groups of Synonymous Amino Acids

15 Amino Acid Synonymous Group

Ser Ser, Thr, Gly, Asn

Arg Arg, Gln, 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, Leuy, 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



Most Preferred G oups of Synonynous Am no Acids

Group 30 Ser
Val val dy
Hs GnGn

Am no Aci d Synonynous

Ser Arg Arg Leu Leu, Ile, Met Pro Pro Thr Thr 16 Ala Ala
Gy lielie, Met, Leu 5 Phe Phe Tyr Tyr Cys Cys, Ser His
10 Asn Asn Lys Lys Asp Asp dQu Qu Mt Mt, lie, Leu 15

Trp Met Exanpl es of production of am no acid substitutions in proteins
I L-1 813P pol ypepti des or

whi ch can be
proteins, or

i ncl ude any known net haep st eps,
4,959, 314, 4,588,585 and 4, 737, 462,
4,965,195 to Nanen et al;
and

al .,
Lee et al;

used
nmut ei ns of viral

4,904, 584 (Shaw et

conprising an |L- 1%%?@%.?&61&5{‘1

for obtaining nuteins of

I L-11 8BPs,

L pl $RfyR

to Mark et al;
4,879,111 to Chong et al;
| yRABLE Zubstituted proteins presented in US patent No.

b4 Ribo Acffser s to a pol ypepti de
813P, or a nutein or fragment

for use in the

thereof, faused with andiiee Agiflot ei n, whi ch, SHIOHYMOYHGroyR

10

15

20

25

30

Ser
Arg
Leu
Pro
Thr
Ala
Val
Gly
lle
Phe
Tyr
Cys
His
Gln
Asn
Lys
Asp
Glu
Met
Trp

TABLE 3

Ser

His, Lys, Arg

Leu, lle, Phe, Met
Ala, Pro

Thr

Pro, Ala

Val, Met, lle

Gly

ile, Met, Phe, Val, Leu

present invention

such as prebgented in 20 US patents
5,116,943 to Kot hs et

and 5,017,691 to

Met, Tyr, lle, Leu, Phe -

Phe, Tyr

Cys, Ser

His, Gin, Arg

Glu, Gin, His

Asp, Asn

Lys, Arg

Asp, Asn

Glu, GIn

Met, Phe, lle, Val, Leu
Trp

Most Preferred Groups of Synonymous Amino Acids

Amino Acid

Ser
Arg
Leu
Pro
Thr

Synonymous Group
Ser

Arg

Leu, lle, Met

Pro

Thr



25 extended residence tinme in body fluids. An IL-18BP or a viral |L-18BP,
may thus be fused to another protein, polypeptide or the like, e.g., an
i mmunogl obulin or a fragment thereof. "Functional derivatives" as used
herein cover derivatives of |L-18BPs 0{6 a viral 1L-18BP, and their nuteins
and fused proteins, which may be prepared fromthe 30 functional groups
whi ch occur as side chains on the residues or the N or C-term nal groups,
by nmeans known in t >, art, and are incl d inthe invention as |long as
they renmain pharnaceutically acceptable, i.e. they do not destroy the
activity of the proMein which is substaMdially sinmlar to the activity of
| L-18BP, or viral |lkg18BPs, and do not gonfer toxic properties on
conpositions containing it. 17 5 These derivatives may, for exanple,
i ncl ude pol yet hyl endegiycol side-chai ns,'ewMebhetay nask antigenic sites and
ext enddst he residencengf an IL-18BP or apHeral |L-18 BP in body fluids.
O her derivatives include aliphatic esters of the carboxyl groups, am des
of the carboxyl grodps by reaction with Yfmonia or with primry or
secondary amines, Rygcyl derivatives ofcysser am no groups of the am no
acid residues formed with 10 acyl noi et i|_?s (e.g. al kanoyl or carbocyclic
aroyl groups) or O | derivatives of frge hydr oxyl groups (for exanple
that of seryl or thmaenyl residues) forn®d with acyl noieties. In a
further preferred e%odi ment of the i nveqt ion, the inhibitor of IL-18 is
anti bolfy directed agil'nst IL-18 or its réceptor, the IL-18R Anti bodies
directed to any of L% the |IL-18R subuniltys, called IL-18Ra and R, may be
used in accordance 's h the present invgntion. The antibodi es according to
t he invention may be pol ycl onal or nonoclonal, chinmeric, humani zed, or
even fully human. Ré¥enbi nant anti bodi esGlind fragnents thereof are
characterized by highaffinity binding tige s }8yor 1L-18R in vivo and | ow
20 toxicity. The antibodies which can be used in the invention are
charact®erized by thdi® ability to treatMplatients for a period sufficient
to have good to excellent regression or alleviation of the pathogenic
condition or any synptaomor group of s ons.related.to .. at.hogeni c
condi tion, and qnmﬁ%&er%’ﬂp‘g%" 9%@@!@&4@&?&@%?%%0 é"savflgg}(gagd)lel ai sed
i n ani mal sfep BEfAINKY mabias o8 IL- BBH pélypeptides 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.



25 mce by imunization with IL-18 or IL-18Ra or 3. Inmunized mce are
particularly useful for providing sources of B cells for the manufacture
of hybridomas, which in turn are cultured to produce |arge quantities of
anti-1L-18 nonoclonal antibodies. Chineric antibodi es are i munogl obulin
nol ecul es characterized by two or nore 475egnments or portions derived from
different animal species. Generally, the variable 30 region of the
chineric antibody is derived froma non-hunan manmal i an antibody, such as
muri ne nnnoclonal anti bod and the i nmunogl obul i n const ant ion js
derived from d g&Gderiy ﬁdtj%tfet |eﬁa’ﬁ8'|eec'ﬂﬂ"@e pol¥stRYighe ;Q'YCBb’@‘%ercéat”éns and

the conbi N@ﬁérpmabﬂﬁé%k adfigekic srt&%dd@ﬁﬂéﬁ@i@tﬂ@lré‘éldehcé%f Eaﬁl!ILJwBP)br@Q}irﬁfI’IIlfBed
(Elliott et al, 1994) umani zed ant | bodi es are i nmunogl obul i n nol ecul es

created byPRyh&pHy ﬂéﬁ'@r Résri drgivatieesnnguee Q"Hh%‘fl e thﬁtﬁqr?@‘ybéff&{pént

regi ons ara‘?mﬁ@bﬁt%@%a%dx?l%ﬁﬂ@é‘b@%ﬁ&@rﬁ Rath tamibhib &r infithadrih 4 of Q@corﬂ'&lw ne
anti gen bi ndi ng regions e resultin nnuse-hunan chimeric anti bod

pr ef er abl PHa%% W%%G%W%t'mﬂfJ&émt@lnPﬁr%M GF e BRHY A FesILER i Qfé'ﬁdd’é'th n
humango ( KRiOMbictks Qé g; alikgr%’y) or Earbbayslic drBylayrbutsd) ftﬁ@-l%ﬂ“dﬁriﬂr@tﬂre@@%e‘mm

IL-18 or IL-18R antib is a humanl zed ant| body. Preferred exanpl es of
hunmani zed NAERXY) gropgs aﬂrfﬂrr AR thateof gegvkor stE?OPYI' fasiduest dpyeed wih eyl
Appl i cati groiEiRs0 974 600, for exanple. In yet a further preferred

enbodi nent, the antibody is fully human. The  technol ogy for producing
human ant i bodi €8 3 %UFHPéd?f?fSE’adrermM’HF'Pt ¢ §re inventiane/the antabitor 10 Nagldyis53049,

US 6, 162, Ypdbsdy ditatedCdfiihst (168 BRI RIEhRF, th AL-PERPATROHRE dftbctbd td ¥nioMman
antl bodi es con3| st of humani zati on" of the nouse hunoral imrune system

ppodube lohSR submiisccalied 4i-H8Ra apd &, gy Prowge & ﬁ%ﬁ?ﬁ‘i‘ﬁﬂce vrﬂhéheﬁr%eyt by
the i ntrodyednkign of human i munogl obulin (1g) loci into mce in which the
endogenous | g %enes have been inactivated. The Ig loci are 20 conplex in
terms of both thHei antiprdies caacordinquia ihee inyratianhaayevfe PPaIoRAIngfe MOReC!omMa,

expr essi onpRgRe riZedYiof eé%ﬁ Oqu th'U%el%CB'r"Bﬁl‘%?gﬁB%o%d %ﬁlen

response. Antibody diversit primart | enerat ed by conb meat
rearr anger’f’é?fteobéte\/\éf@iac’ﬁﬁiilzfeﬂe tehtgh\,afflmty hlﬁdlng tgehddd o HsE3R i N/Vph@dl PW oci .

These , bOC'toﬁt@O THEUrAbSuiLL ﬁ/hlc'hrlfa‘?lr pdasef ﬂwu{hQQHveﬁﬁrBﬁ Yar& cRABBIeRze By Ehbir

control anti expressi on el 1¢c exc
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
a pathogenic condition, and a low toxicity.
Neutralizing antibodies are readily raised in animals such as rabbits, goat or
25  mice by immunization with IL-18 or IL-18Ra or B. Immunized mice are particularly useful
for providing sources of B cells for the manufacture of hybridomas, which in turn are
cultured to produce large quantities of anti-IL-18 monaoclonal antibodies.
Chimeric antibodies are immunoglobulin molecules characterized by two or more
segments or portions derived from different animal species. Generally, the variable
30 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

35



25 class switching and affinity maturation. Introduction of un-rearranged
human Ig transgenes into mce has denonstrated that the nouse

reconbi nati on machinery is conpatible with human genes. Furthernore,

hybri donmas secreting antigen specific hu- mhbs of various isotypes can be
obt ai ned by Xenom ce i mmunisation with ant igen. Fully human anti bodi es and
nmet hods for their production are known % the art 30 (Mendez et at (1997);
Buggemann et al (1991); Tom zuka et al. éZOOO) Patent WO 98/ 2_4893)_. In a
hi ghl y pr dVé imeynegmsusily AsreuTely Aetepnisd fEliothekalt 1994). Hhmanizad lintioodie

IL-18 &s a@é‘ﬁr\quﬂ@é‘l@tﬁjhn%olé&léss&fegfe@ éﬂétn@ie'ﬂ?infe teQFn%Sééqm g' onal

derivative thereof. These 1 soforns, r%ﬁ?el ns use roterns or rh onal
deri vat i v&Urng &eNstanigegiops GHje daplaged iwitht 9ur@an 3BunierpegBPWhilen rpiarrimgcthear t he

bi ndi ng t(?ndrlmal%nt@éﬂj ﬂ?ﬁcﬁﬁgefr%elo\ﬁs hep &8 %é%e%nﬁa%ﬁ%‘c aai\i,%)%

simlar to |L-18BP Such protelns have an enhance

activity &eef e@@h‘pﬁ?\@dfﬁtdécefiﬂmmwmﬁwqw argtl prprovedl pidTeasekjoetinsein lm.fméds— 18BP
and its s;@kh,gﬁté@ql fgy3y/ i sof orms can be taken from5 W99/09063 or from
Novi ck et 999, as$ well as fromKimet al., 2000. Functional

deri vaPi ves of ThES 1UBR Hjhase peadeTash amepdineeniollb+8r er ilb-18Rdentitiaaly ismar ove

t he propemnyhRizel éﬂ%o@&ob@éfgvreé%&ﬁﬂﬁn%s; he rﬁ.fnz?é?'l iédt %ntlhlfi% gﬁtfb%dles.l.are

bi oavailability, tolerance b
achi eve t H’P§Crﬁ>ﬁélm thflELIOFBEQBFP%'}t AkP@“CatiOnI&HO @7@60@ dorF@dayrEIIml yengl ycol

(PEG . PEGyI at ijprydiay fgﬁh&abréf&%ooléfmd% erre%@mtn%ﬁah%d%w)ﬂ%?ﬁ{ahbeﬁwe' n VO

92/ 13095, for exanple. Therefore, in e present
i nventi on, eqhﬁ@'OQYlF@’bﬁ’@@lﬂ%n%humﬁfl‘_amwoo%ﬁﬁdls|d$8mbreﬁ| io letgil @.peinl WODOF'E3R0,i S

PEGY! a8 edboo/matay Uses 197 8625+ A5 SIRg) rent of the i nventon, the

i nhi bitor of IL-1 onprises an I munogl obulin fusion, i.e. the I nhi bi tor
of IL-18 is a Qﬁ@ed“?ih@ﬂ efon thes nsepgsation raf Ally dumpar antbodies | tonsBt bafndi ng

protein, ‘*ﬁUrﬁéhlia‘iloEU&etﬂetn‘?oL%lelhuﬂ{or?i | %Lfn'eosg/s@rn "?‘P] bIEBHARS 8%@%@ syifpishods

for nakln | Muno ulin fusion proteins are wel'l kKnown in S such
as the onébled@mqgtﬁe@umanmmcmybymenntmdanwreof hﬁhanpmmwngbbuliri @ in

the art widd |dﬂ6‘¢rﬁ6e3ﬁ\avchﬁ ﬁ%teﬁdggeﬁcsﬁqétgfﬁg%ﬁé\% Q&n%gétﬁ/}a%doirﬂé h%lo'ﬁg%/%nt on

retains the biological activit Icu
| L- 1820 Théomalexdn 1Reys 19é heih éhair, piiast strleluee sm)rﬂne lgenk eeapaqgsntkat vdmldch can

be as shogkp@ssidn L RodesRBL WRqGRdL t5 RS bfoduce a broad immune response.

Antibody diversity is primarily generated by combinatorial rearrangement between
different V, D, and J genes present in the Ig loci. These loci also contain the
interspersed regulatory elements, which control antibody expression, allelic exclusion,
25 class switching and affinity maturation. Introduction of un-rearranged human Ig
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 obtained by Xenomice immunisation with antigen.

Fully human antibodies and methods for their production are known in the art

30 (Mendez et at (1997); Buggemann et al (1991); Tomizuka et al., (2000) Patent WO
08/24893).

In a highly preferred embodiment of the present invention, the inhibitor of IL-18 is 7
an IL-18BP, or an isoform, a mutein, fused protein, functional derivative thereof. These
isoforms, muteins, fused proteins or functional derivatives retain the biological activity of

35 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.



| ength or longer, for exanple, 13 to 20 amno acid residues in |ength. Said
linker may be a tripeptide of the sequence E-F-M (Qd u-Phe-Met), for
exanple, or a 13-amno acid |inker sequence conpri sing

G u- Phe-d y-Al a-d y-Leu-Val - Leu-d y- d yd n- Phe- Met i ntroduced between the
| L- 18BP sequence and the inmunogl obulin“sequence. The 25 resulting fusion
protein has inproved properties, such as an extended residence tine in

body fluids (half-life), increased specific activity, increased expression
| evel , or the Tperdehuerdesost IDﬂBBPEaridJ&"s @pliqy vdriaints/issfofras ichn that @ken Froma

preferred P ed to the constant ion of an Ig

nol ecu W@é@r%’fmﬁ”?@ o4 d ' REYR aéﬁr Q'Fbﬁ%nésgér ke the CH2 and
fCHS domsu ns 3FunéticmamaerivaiGEs of m-1w%n1péyebe'ﬂtbﬁjugeueertatﬁmn@% iapsaéd toc

t 18BP

descr i bod TS AFRIRCRTUEY chehedrolabnsuen Fay e aai! Ml Peamihilor | g
ol ecgl es t@lél%maé 59 tishdradd Bodyobr mumroayrmaihﬁevbuﬁrscgbal 13t BP ﬁfay be )
according t e nvent i o i sof or or ot her
1o 55" 48 bed B oo BERbBhEie PR AT HERatehary oBe 155 ot By ek my e

MONOMEDI C ndthaads, desaribed in V\m)egm:eegsoforlmammel timeric. In yet a further
enbodi nent of t_lhe i_nvention,. an |n |toL g[‘% L-18
t'h p

ot on v TG e el eMBodiedl of e crecdht il BSi the inribitors, oty i 1
several wayg8, arfd ih$articalt gdni18Be is REQYlated.t o or sequester the TNF nol ecul e

et S e 2L o BB Ch L b bl BioRiat 1ol e
receptor longisgs (ahemnerhoddiebulin efusion, |eeqreewm*tbng>fant1agrsnasmed prétein
e RSB S o a1 18 e B bR el i i
pat hway acrmmuab@rdblhlm" Mefteode il making aamuneglopiliarfusion protdiné ake Wdll ngown in
(her el 1ot L b R Ly 5 020 o BERR) GhBatag, i e RS ot =t
i nhi bi tor thé rart el Uhesreand Qhatpﬂheweerm'tiﬁg\ f@ﬁiomeadtémobfsm_esmsentﬂSNFrewsami sts
ML AR TRTIR VX SRR 2 AN
in vioeo, orfvi aeskafpirkehpsmidicBuisie lcan benagwBhsrh ad NFtocawseiso ptial reigued inon and
| mmunog C)l?ength 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 Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-GIn-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 Ig
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 IgG, or IgG,, or other Ig
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secretion. The assay contains TNF fornul ati on at varying dilutions of

candi date antagonist, e.g. fromO0.1 to 100 tines the nolar anount of TNF
used in the assay, and controls with no TNF or only antagoni st (Tucci at
al ., 1992). 20 Sequestering antagonists are the preferred TNF ant agoni sts
to be used according to the present invention. Anpbngst sequestering

ant agoni sts, those polypeptides that bind TNF with high affinity and
possess | ow i munogenicity are preferrgd. Soluble TNF receptor nol ecul es
and neutralizing antibodies to TNF are “particularly preferred. For
exanpl e, soluble TNF-RI and TNF-RII are useful in the 25 present invention.

Truncat ed f? U5, Ake I % RSP BkBhSie. ERIRAHr SRS dYetmbhdsald dtrlitmddRMai ns

of the rece ors or nc |ona poriions thereof, are nore particularly
preferred f&tﬁt@gﬁht’@@@“%‘@‘ﬂ?dl ng to the present invention. Truncated
solubl e TNF type-1 and type-11 receptors are described in EP914431, for

exanpl e. Truncated forns of the TNF receptors are sq have, been
detected in 30Myehe fufher SoHhadiment 315" v 'Pﬂ?“ﬁfénkfﬁb“ﬂﬂ"@? 'ﬁ‘HgH? 889 i ndi ng

proteins, Vdibhatsrewitah e anTﬂBhlsﬁWFTBﬂdonlstw@ﬁQhem/@dtym( inngedrabmdysat  al .
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433 900, Der! vall el %&E%Eag,tmfs&%ﬁ%.mﬁe PNPIRPLRRY dolnlil dotifediPey | OnS

of the Pecept or I ona resenb e recept
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portion of ep t| or of the sequence encoding the receptor
nol ecul e, tlhd8 'ﬂf!;b"éf- lrstbmth%wmrps@vzeﬂmham €isegeBi nd TNF with such an

affinity that tig hﬁtbg‘_&ﬁ&& i) eakilyh ideRfiedBaH aviffudisn by rbliine SGEHHINY of S
i nhi bited or bl ocked.

sequent Il I?”@Fa@‘éﬁ’&rﬂﬁ"g?ef@c{/_\?’%%el %Q%%N@a‘hﬁ%agﬁgqep "Ii"guclﬁéﬁ'?ﬁesgg? *with

the presentfoi Bxfmtle Mamah @ ceReliinawmct Ty cduses Ipedlifesatiopr arek immunoglobulin
secretion. The assay contains TNF formulation at varying dilutions of candidate
antagonist, e.g. from 0.1 to 100 times the molar amount of TNF used in the assay, and
controls with no TNF or only antagonist (Tucci et al., 1992).

20 Sequestering antagonists are the 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-RII 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-1 and type-l
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.



known agents used for the treatnment of heart diseases, such as nitrates,
e.g. nitroglycerin, diuretics, ACE inhibitors, digitalis, beta-Bl ockers,
or Cal cium bl ockers, in conbination with an IL-18 inhibitor. The active
conponents may be used 20 S|nultaneou§gy, sequentially, or separately. In
a further preferred enbodi ment of the present I nvention, the inhibitor of
IL-18 1is used in an anount of about 0.001 to 100 ng/kg or about 1 to 10

ng/ kg or 2 to i.nhi pitor accordi nven S
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t he sequengge@fie asfetnly kd Fbm@ﬁ dfLthd Sompeplice, i 6t @fcmeobad;ue@@d kycdtng e t he

di dt f di bI | ved
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expr eg3i orh@TN&NnRibitck8 i nhi bitor, or which 22 expresses armunt S of the

i nhi bitor which are not suffici ent wherein the inhibitor
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i nventi on e vector r requl at or equence nctional in the
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r econtfi0 natﬁ"BH'taﬂeﬁHgyosﬁéP%'HI%)yquﬁEP?f@teMe regul atory sequence with the
gene, the expressaifaAnéprisfaied dnfood@eBHt of thel Srebantiiménaes thg irdiidienee.-18The
technol Ogyslussed in an amount of about 0.001 to 100 mg/kg or about 1 to 10 mg/kg or 2 to 5
mg/kg.
The IL-18 inhibitor according to the invention is preferably administered

25  systemically, and preferably subcutaneously or intramuscularly.

The invention further relates to the use of an expression vector comprising the

coding sequence of an inhibitor of IL-18 selected from antibodies against IL-18,

antibodies against any of the IL-18 receptor subunits, and IL-18 binding proteins, or

30 isoforms, muteins, fused proteins thereof inhibiting the biological activity of IL-18 in the

preparation of a medicament for the prevention and/or treatment of cardiomyopathy.

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 and/or prevent a heart disease, the gene'

therapy vector comprising the sequence of an inhibitor of IL-18 may be injected directly

35 into the diseased tissue, for 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



usually referred to as "Endogenous Gene Activation" (EG), and it is
described e.g. in WD 91/09955. It will be understood by the person skilled
inthe art that it is also possible to shut 15 down IL-18 expression
directly, w thout using an inhibitor ofyJ L-18, wth the same technique. To
do that, a negative regulation elenent,” 1Tike e.g. a silencing el enent, may
be introduced into the gene |locus of IL-18, thus |eading to down-regul ati on

or prevention of IL- ression.  The person skilled.in the art w||
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whi ch 20audBRbifgidn ar@ﬁf(Peprﬁb%ﬁta”FBrE%atdé?ﬁF%ssed and secreted in vivo. In
addition, the protein(s) according to the invention can

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.

25 IL-18BP and its isoforms, muteins, fused proteins, functional derivatives, active
fractions or circularly permutated derivatives as described above are the preferred
active 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

30 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
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

35 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),



be adm ni stered together with other conmponents of biologically active agents
such as pharmaceutically acceptable surfactants, excipients, carriers,
diluents and vehicles. For parenteral (e.g. intravenous, subcutaneous,
intranuscul ar) administration, to the active protein(s) can be formlated
as a solution, suspension, emulsion or |yophilized powder in association
with a pharmaceutically acceptable parenteral vehicle (e.g. water, saline,
dextrose solution) and additives that ppintain isotonicity (e.g. mannitol)
or chemical stability (e.g. preservatives and buffers). The fornulation is
sterilized by commonly used techniques. t5 The bioavailability of the
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The route ofad0n2h BbéR Fdr¥aipietihking ths RloRicliBdo peNathfbRglydo dshRstribegnt i on i s
in the PCT Patent Application WO 92/13095.
The therapeutically effective amounts of the active protein(s) will be a function of
20 many variables, including the type of antagonist, the affinity of the antagonist for 1L-18,
any residual cytotoxic activity exhibited by the antagonists, the route of administration,
the dlinical 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 1L-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.



adm ni strati on by subcutaneous route. Intranuscular admnistration is
further preferred according to the invention. In order to adm nister the
IL-18 inhibitor directly to the place 10 of its action, it is also
preferred to admnister it topically. In further preferred enbodi nents, the
inhibitor of IL-18 is adm nistered dail“y or every other day. The daily
doses are usually given in divided doses or in sustained release form
effective to obtain the desired results. Second or subsequent
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another cardioprotective agent. Active agents are acmn
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sanme or differ W?urEF\‘égPFé?érPéoOQﬁboJH\%nlsnYI%nhthﬂorf O DR is" SelnthiS&rd Loyt hod

for the preparation a pharmaceuti cal conposi tion conprising Yadni xi ng
an ef f ect BYRYARRIMEYof an IL-18 inhibitor and/or a TNF antagonist with a
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According to the invention, the IL-18 inhibitor can be administered
prophylactically or therapeutically to an individual prior to, simultaneously or sequentially
20  with other therapeutic regimens or agents (e.g. multiple drug regimens), in a
therapeutically effective amount, in particular with a TNF inhibitor and/or another
cardioprotective agent. Active agents that are administered simultaneously with other
therapeutic agents can be administered in the same or different compositions.
The invention further relates to a method for the preparation of a pharmaceutical
25  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,
comprising administering a pharmaceutically effective amount of an IL-18 inhibitor,
optionally in combination with a pharmaceutically effective amount of an TNF

30  antagonist, to a patient in need thereof.
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Chi nese hanster ovary cells and purified to honpgeneity. The ability of

| L-18BPa-(Hi s)6 10 to neutralize IL-18 has been described (Kimat at.,
2000). The ICE inhibitor (1CEi)Ac-Try Val - Al a- Asp-chl oronet hyl ket one ( YVAD)
was purchased from Al exis Biochemcals (San 26 Diego) and solubililized in
DMSO at 10 ng/m . The ICE was dilutedé#Q Tyrode's solution before being
used. On human peri pheral bl ood nononu ar cells, the ICE reduces

endot oxi n-i nduced secretion of mature IL-1P by 92% as neasured by ELI SA
(Gistron Biotechnol ogy, Pine BrookF¥MPLES |solated Atrial Trabecul ae

Pati engs under gsaaan_@eIﬁﬁh.umoﬁc&fqnarayreau&@g WnyQYRAAS isEREBRY dystihbtich pHIP
oxygenator .require insertion of a canula into the right atrium At that
time, a s segnent of the right atrial appendage is routinely excised
and di scarded. mteriBEsnd Methg¥se obtained fromthis discarded tissue. Hunman
atrial tissue was placed |r1qwqdéﬁenated nodi fied Tyrode's buffer solution

at 4C. Modi fi edieBgepSells1885 M\YS 1 B¥R5peSSar Widh iV erminah (Hisoteigz &y
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subst r at e-\fg)2a- Mﬁ-@ﬁl@roﬁne&%ﬂk&tb@(mﬂvd&%r%% R8MCAILRE 'B%h@i‘n.c%l Z(EQH' iter
to maintain osnolarity | ess ot herwi se indicated, chem cals and reagents
were obtained from15 Sigma. Two to four trabeculae (4-7 nmlong and <1.0
mmin dianeter) were attached to a force transducer and imersed in a
heated (37C) 30-m bath of nodified Tyrode's solution; a 92.5% 02/7.5% CO2
m xture was bubbl ed during nornoxia. This gas m xture provided an 02
partial pressure of >350 mMHg (1 mmHg = 133 Pa), a partial pressure of CQO2
of 36-40 mmHg, and a pH of 7.35-7.45. Each paraneter was checked routinely
with 20 an autonmated bl ood gas anal yzer. The organ bath tenperature was
mai nt ai ned at 37C throughout the experinment. During sinulated ischem a,
the gas m xture was switched to 92.5% N2/7.5% CO2. This m xture produced
an 02 partial pressure of <50 mmHg. The buffer solution was changed every
20 m n except during the 30-min period of sinmulated ischema. 25
Experimental Design Trabecul ae were equilibrated for 90 min to increase the
baseline stretch force to 1,000 ng and to allow stabilization of devel oped
force. Trabeculae that failed to generate nore than 250 ng of devel oped
force were excl uded



fromthe study. During the 90 min of equilibration, pacing was perforned
with platinum electrodes (Radnoti G ass, Mnrovia, CA) for field
stinmulation. The el ectrodes were 30 placed on either side of the

trabecul ae, stinulated (G ass SD9 stinulator, Warwick, RI) wth 6-ns

pul ses at a voltage 20% above threshol gg and paced at 1 Hz during nornoxia
and at 3 Hz during ischema. Contractions were nonitored by force
transducers (Grass FT03) and recorded with a conputerized preanplifier and
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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% N7.5% 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 mg 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



25 0.5x TBE (50 nM Tris/45 mM boric acid/0.5 nmM EDTA, pH 8.3) with ethidium
bromde at 0.5 ng/m, visualized by UV illum nation, and photographed.
Densitonetry was perforned on the negative i mage (I MAGEQUANT software,

Mol ecul ar Dynamics), and the relative absorbance of the IL-18 and |L-18BP
PCR products was corrected agai nst the2absorbance obtained for GAPDH. 30
| L-18 Determ nations Fresh trabecul ae were honogeni zed as descri bed above
for CK nmeasurenents. |L-18 was anal yzed with |iquid-phase
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anti - rabbi t (Re¥hikoe@y ak,02000)eRoe atld PCR, the following sequence was used: preheat at
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 1L-18 antibody
(R & D) was labeled with biotin (Igen). The biotinylated antibody was diluted to a final




Al exa488 (Mol ecul ar Probes) for 60 mn at roomtenperature in the dark.
Nudei were stained blue with bisbenzimde (Sigma) at 1 pg/ 100 ml. After
stai ning, sections were washed and exam ned with the Leica DM RXA (Leica)
confocal |aser scanning system and analyzed with SLI DEBOOK software for
Maci ntosh (Intelligent Imaging Innovations, 25 Denver). Statisical Analysis
Data are expressed as the nean SEM Mean changes in devel oped force were
calculated relative to the control value at 90 min for each patient's
tissue. Statistical significance of difZerences between groups were

determ ned by factorial ANOVA with Bonferroni-Dunn, post hoc analysis.
Statistical analyses were 30 perfornmed with STAT-VI EWM. 51 software (Abacus
Concept s, Cahaotstan,of @A)g/in@ PR éaH 7 ¢) ThretaiBingeb25% B3Me 1 3% [ Twegni28 nansk
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by 1 CE. lsTh‘?fa?JfQ{r%ideh}de,l%Irméd, and incubated for 20 min in PBS supplemented with 10%
normal goat serum. Sections were incubated in a 1:100 dilution of rabbit anti-human 1L-:
18 antibody (Peprotech, Rocky Hill, NJ) or nonimmune rabbit IgG at 1 yg/ml as negative
control. The antibodies were diluted in PBS containing 1% BSA. After an overnight
incubation at 4°C, the sections were washed three times with 0.5% BSA in PBS. The
20 sections were then incubated with a secondary goat anti-rabbit antibody 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).



measured in freshly obtained atrial tissue. As shown in Fig. 2, basal [L-18
was present in trabecul ae obtained before the insertion of the of

punp- oxygenator canula into the right atrium After 90 m n of
equilibration, 30 mn of ischema, and 45 mn of reoxygenation, trabecul ae
were honmogeni zed, and IL-18 levels determ ned. There was a 4.5-fold 25
increase in IL-18 in the tissue after |/R (Fig.2). Steady-state mRNA | evels
for IL-18 and IL-18BP were also deternfhed in these tissues. W observed
basal gene expression for 1L-18 and IL-18BP in the freshly obtained

prei schem c atrdal honogenates (Fig.3 A, B). Simlar to the increase in

| L-18 protein, B{slnduced a further increase in steady state | L-18 mRNA
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5 ug/ml, respectively. These results suggest that I/R leads to release of biologically
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 presentin

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 /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,




attenuation of ischem a-induced nyocardi al dysfunction, as shown by the

i nprovenent 20 in contractile function from 35% of control in I/R to 60% at
10 pg/m and 75.8% at 20 pg/m (Fig. 4). These results confirmthat
biologically active IL-18 in human nyocardiumis the result of cleavage of
preformed precursor 1L-18 by ICE. In addition, these results suggest that
myocardi al ischema may activate latent | CE. 25 Preservation of Cellular
Viability Intracellular levels of CK were used to assess the degree of
cellular viability after 1/R In this®hssay, the higher the CKval ue, the
greater the nunber of viable cells. Each of the anticytokine interventions
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ischemic period and during reperfusion. YVAD-mediated inhibition of ICE resulted in

attenuation of ischemia-induced myocardial dysfunction, as shown by the improvement
20 in contractile function from 35% of control in I/R to 60% at 10 pg/ml and 75.8% at
20 pg/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 20pg/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.



denonstrate that exogenous IL-18, simlar to TNFa, acts as a nyocardi al
depressant. 20 Interestingly, IL-18 is not as potent a nyocardi al depressant
as is TNFa. Preservation of cellular viability Casases are often associ ated
wi th apoptosis. To assess cellular viability in trabecul ae exposed to TNFa,
tissue intracellular creatine kinase (CK) was neasured. In 25 this assay,
high CK |l evels indicate viable cells. As depicted in Fig. 8, control
trabecul ae which underwent 90 minutes 8! nornoxic super fusi on, contai ned
6801276 units of CK activity per mlligramof wet tissue weight. In
contrast, trabecul ae exposed t 30/45 mnute L/R ury or 90 m nutes of
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both tibial crE¥chele s T fl© 0 deve oD sed nouse as previously

descri bed (Mal Inéxtemeajlrect e:tfé&&)f exogeﬁmoBs illell on, myscandal woatnantilesfupttionwasc  pul ses
(8 square ve e ) were
del i verdd \ﬁg‘es"' %5{8 %SD?‘%l‘%gﬁP %e cruga%l %@?%Bﬁﬁh@t %?eg‘ﬁmb%add%

st ai nl ess ahd@ith phelttmtleb%tgeoeleshcpwramdﬂgmel tLdBBaaS'SrWrﬁa?M but paqgrwa/ﬁ si de of

the decrease in developed force during the experimental period. After 90 minutes of -

continuous exposure to IL-18, developed force was decreased by 42%. These data
demonstrate that exogenous IL-I18, similar to TNFa, acts as a myocardial depressant. -

20 Interestingly, IL-I8 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 VR 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/img of tissue.
Interestingly, trabeculae treated with TNFa had greater preserved CK levels compared
to R trabeculae. This was an unexpected finding since the magnitude of developed

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



| eg. 20 Induction of infarction into the left ventricle Twenty four hours
after admnistration of the IL-18BP plasm d or of enpty plasmd, mce were
anest hetized by IP injection of xylazine and ketam ne, ventilated and
subjected to thoracotony. The left main coronary artery was then permanently
| igated using a 8-0 prolene suture, in order to induce nyocardi al

i nfarction, after which the chest 25 was cl osed and the animals were all owed
to recovery from anesthesia. Peroperatidde nortality was |ess than 20%

Post -operative nortality was 48%in the control group and 26%in the
experinmental group, and occurred al nost exclusively 4-5 days after |igation.
Seven days after ligation, the mce were reanesthetized and | eft venticul ar
(LV) dinensi ongxi@pR AASESSE prétécteTRan alydcaghianhmardtior Ingsdesedivehest st ate,
using a ATL 30 0 echocardi ograph. LV Fractional shortening was
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fixed, and | cut in.se Hi sto Lcal secti n ai ned
with sinfus CﬁZE%o’?""Fh@"ﬂ%‘?‘é?% n‘ﬁ?qkd'ﬁtervla f"é?cé'fmss WA Q@% esg?J P %Scﬂ?
di astolic douaabtngrth@bDNAeforl l@.ftBBPe(nalredqio@Wvlémmwsaiuedrm WQ&r/86201)n t he

5 h
L 188p verbhoolEgRy e ifiiea s totios Sply iy, fufeiE 166 Rl !
systolic dlcahi!a\t lsolateﬂ ashdedcgbed {ameessoni eumbefe#n Q%@W%)f%ﬁ gtiahaPHN was t he
survi ving ﬁﬂ%&cguf\éaﬁtoa&ef @ch{l@fﬁoﬂ Osntééﬂ? rﬂ:ﬁn%ahé?u HélF@xéréé‘s@énedeé%rt peoNA318BP

versus 0.5 i n control mce, Fractional shortening of the
| eft veat r iupdérethe Tontiskof themt,@n@gaémréﬁ pwntqtprl (anwspn) Foptelplasmid wesian
control m gyl %oﬁst% dSFRE b fHePibeutid- céﬁﬁpddﬁ%”c@%uﬁ hentapitiadd fceDkhat Ce
after nyocaroll al infarction_ induced by total coronary |igation of the Ieft
ventricl e Igypesimental prouggegeivinglLt1§BP coaPrisede?” Mises ynction of the |eft
ventricle was sirggiyfh ggm ok )bohtPGPréiﬁt%gsno@f)la'%hﬂi’%obug)rﬁﬂémﬁ?éh&yﬁ\tlQJtHI 6ibiaBNd

diastolic dianeters of the left ventric
cranial muscles of the anesthetised mouse as previously described (Mallat et al., 1999).

A 15 Briefly, transcutaneous electric pulses (8 square wave electric pulses of 200 V/icm, 20
msec duration at 2 Hz) were delivered by a PS-15 electropulsator (Genetronics, France)
using two stainless steel plate electrodes placed 4.2 to 5.3 mm apant, at each side of the

leg.

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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i mmunogl obulin (1g) fusion. 35 37 10. Use according to any of clains 6 to
8, wherein the functional derivative conprises at |east one noiety attached
to one or nore functional groups, which occur as 5 one or nore side chains
on the amno acid residues. 11. Use according to claim9, wherein the
noiety is a polyethylene noiety. 12. The use according to any of the
precedi ng clainms, wherein the nmedi canent 10 further conprises a Tunor
Necrosis Factor (TNF) antagonist. 13. The use according to claim 11,
wherein the inhibitor of IL-18 is used36sinultaneously, sequentially, or
separately wth the TNF antagonist. 15 14. The use according to claim1l or
12, wherein the TNF antagonist is TBELA|®gd/ or TBPII. 15. The use according
to any of the preceding clains, wherein the inhibitor of 1L-18 is used in
a concentration rangi ng between about 0.001 to 100 ng/kg or about 1 to 20
10 ngkkg or 2 fo 5 } r | to | t he
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pr ot ei ns,therlL-18swceptat subunitsi rand H-u@eblqdrr@t piatging, her esoforinahimitéing) gfusbe

bi ol ogi c i r,dor inducing
and/ oF e?ﬁgt%@%ﬂ%ﬂf%%cet@éﬂl cﬁené%tbv&%?heré@fﬁnﬁ$ltlrgtﬂthgwglgé (s,él%ﬁk\y&o&ﬂ_ g, IL-18 i a
cell 10n the preparation of a nedlcanent for the 30 treatnent and/or

t f d [ i s s ect ed
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activity ctwcuedagamst IL-18.

3 The use according to claim 1, wherein the inhibitor of IL-18 is an antibody

15  directed against IL-18 receptor a.

4. The use according to claim 1, wherein the inhibitor of IL-18 is an antibody

directed against IL-18 receptor 3

20 5. The use according to any of the preceding claims, wherein the antibody is a
humanized or human antibody.

6. Thus use according to claim 1, wherein the ICE inhibitor is Ac-Tyr-Val-Ala-
Asp-chloromethylketone (YVAD).

25
7. The use according to claim 1, wherein the inhibitor of IL-18 is an IL-18
binding protein, or an isoform, a mutein, fused protein, functional derivative thereof
inhibiting the biological activity of I1L-18.
30 8. Use according to claim 6, wherein the IL-18 inhibitor is glycosylated at one

or more sites.

9. Use according to claim 6 or 7, wherein the fused protein comprises an
immunoglobulin (lg) fusion.
35
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10. Use according to any of claims 6 to 8, 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.
11. Use according to claim 9, wherein the moiety is a polyethylene moiety.

12. The use according to any of the preceding claims, wherein the medicament

further comprises a Tumor Necrosis Factor (TNF) antagonist.

13. The use according to claim 11, wherein the inhibitor of IL-18 is used
simultaneously, sequentially, or separately with the TNF antagonist.

14. The use according to claim 11 or 12, wherein the TNF antagonist is TBPI
and/or TBPIL.

15. 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.

16. 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
cardiomyopathy, wherein the inhibitor of IL-18 is selected from antibodies against IL-18,
antibodies against any of the IL-18 receptor subunits, and IL-18 binding proteins, or
isoforms, muteins, fused proteins thereof inhibiting the biological activity of IL-18.

17. 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 cardiomyopathy, wherein the inhibitor of IL-18 is selected

from IL-18 binding proteins, or isoforms thereof inhibiting the biological activity of I1L-18.



