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VASCULAR DI SEASES FI ELD OF THE I NVENTION 5 The present invention is in the
field of vascul ar diseases. Mre specifically, it relates to the use of an
inhibitor of IL-18 for the treatnment and/ or prevention of peripheral
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The IL-18 receptor consists of at least two components, IL-18R alpha and IL-18R
20 beta, co-operating in ligand binding. High- and IoW—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. The two receptor subunits that 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
25  receptor complex consists of two receptor chains: a ligand-binding chain termed the IL-
18Ra chain and a signal-transducing chain termed the IL-18RR chain. The IL-18Ralpha
chain was initially isolated as a cell surface protein binding to radiolabeled 1L-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.,
30 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).



1 1L-18BP is not the extracellular domain of one of the known IL18 receptors,
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arteriovenous fistula, and lymphatic disorders inciude lymphedema and lipedema.

Peripheral arterial occlusion refers to an occlusion of blood supply to the
25 extremities, generally by atherosclerotic plaques (atheromas), a thrombus, or an
embolism.

Peripheral arterial occlusion may result in acute or chronic ischemia. Acute
ischemia is caused by a ruptured proximal arteriosclerotic plaque, by acute thrombosis
on preexisting atherosclerotic disease, by an embolism from the heart, aorta, or other

30 large vessels, or a dissected aneurysm. Chronic ischemia is caused by gradual
enlargement of an atheromatous plaque.

Sustained elevation of blood homocysteine, by damaging endothelial cells,
predisposes to premature atherosclerosis of the aorta and its branches, the peripheral
arteries, the cerebral arteries, and possibly the coronary arteries. Although homocysteine



arteries, the cerebral arteries, and possibly the coronary arteries.

Al t hough honocysteine 2 levels are usually elevated in association with
other risk factors, they can be nodified by diet and vitamn B
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20 claudication is typically in the calf, and all pulses below the femoral are absent. In
patients with small vessel disease (e.g. thromboangiitis obliterans, diabetes mellitus),
femoropopliteal pulses may be present but foot puises are absent. Pallor of the involved
foot after 1 to 2 min of elevation, followed by rubor on dependency, helps confirm arterial
insufficiency. Venous filling time on dependency after elevation exceeds the normal limit

25 of 15 sec. If symptoms of claudication occur with good distal pulses, spinal stenosis
should be considered in the differential diagnosis.

A severely ischemic foot is painful, cold, and often numb. In chronic cases, the
skin may be dry and scaly with poor nail and hair growth. As ischemia worsens,
ulceration may appear (typically on the toes or heel, occasionally on the leg), especially

30 after local trauma. Edema is usually not present unless the patient has kept the leg in a
dependent position for pain relief, however, a severely ischemic leg may be atrophic.
More extensive occlusion may compromise tissue viability, leading to necrosis or
gangrene. Ischemia with rubor, pain, and swelling of the foot on dependency may mimic
cellulitis or venous insufficiency. Arterial noninvasive tests can clarify the diagnosis.
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the uIOIOneornsupguratlve panarteritis or panphlebitis with thrombosis of involved vessels.
Proliferation of endothelial cells and infiltration of the intimal layer with lymphocytes
occur in the acute lesion, but the internal elastic lamina is intact. The thrombus becomes
organized and later incompletely recanalizes. The media is well preserved but may be
infiltrated with fibroblasts. Because the adventitia usually is more extensively infiltrated

25  with fibroblasts, older lesions show periarterial fibrosis, which may also involve the
adjacent vein and nerve. '

The symptoms and signs are those of arterial ischemia and of superficial
thrombophlebitis. Onset is gradual, starting in the most distal vessels of the upper and
lower extremities and progressing proximally, culminating in distal gangrene. The patient

30  may complain of coldness, numbness, tingling, or burning before there is objective
evidence of disease. Raynaud's phenomenon is common. Intermittent claudication
occurs in the involved extremity (usually the arch of the foot or the leg, but rarely the
hand, arm, or thigh). Pain is persistent with more severe ischemia, e.g. in the

pregangrenous stage and with ulceration or gangrene. Frequently, sympathetic nerve
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Ischemic rest pain is classically described as a burning pain in the ball of the foot
and toes that is worse at night when the patient is in bed. Ischemic rest pain is located in
the foot, where tissue is farthest from the heart and distal to the arterial occlusions. Non-

25  healing wounds are usually found in areas of foot trauma caused by improperly fitting
shoes or an injury. A wound is generally considered to be nonhealing if it fails to respond
to a four- to 12-week trial of conservative therapy such as regular dressing changes,
avoidance of trauma, treatment of infection and debridement of necrotic tissue.

Gangrene is usually found on the toes. It develops when the blood supply is so

30 low that spontaneous necrosis occurs in the most poorly perfused tissues.

While carefully designed conservative therapy can benefit many patients with
critical limb ischemia, the severe nature of their disease may lead to consideration of
operative intervention. Surgical interventions include revascularization or amputation. If
the patient wants to undergo revascularization and is an acceptable operative candidate,
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revascularization. The decision to monitor the patient's condition with watchful waiting

and conservative management or to perform revascularization or amputation depends
on careful assessment of the attendant risks and benefits of surgery versus conservative
management.

25 More importantly, it depends on the patient's interpretation of the invasiveness or
appropriateness of the available options. Even patients unable to walk because of their
condition may consider amputation inappropriate, and not all patients are motivated to
do the work necessary for rehabilitation after amputation. If the decision is made to
amputate, the level of amputation should be one that has the greatest likelihood of

30  healing while giving the patient the maximal chance for functional rehabilitation.

Diagnosis of chronic critical limb ischemia involves manifested pain at rest, non-
healing wounds and gangrene. ischemic rest pain is typically described as a burning
pain in the arch or distal foot that occurs while the patient is recumbent but is relieved

when the patient returns to a position in which the feet are dependent. Objective



managenment. 25 More inportantly, it depends on the patient's interpretation
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20 The invention is based on the finding that an inhibitor of IL-18 stimulates
neovascularization after induction of peripheral ischemia in an experimental animal
model. Neovascularization occurred in association with an activation of VEGF/Akt
signaling and was accompanied by an increase in bone marrow endothelial progenitor
cell mobilization and differentiation.

25 On the basis of these results, new therapeutic approaches for treating or
preventing peripheral vascular diseases requiring neo- or revascularization are provided.

The invention therefore relates to the use of an IL-18 inhibitor for treatment
and/or prevention of peripheral vascular diseases, in particular of peripheral ischemia.
The invention further relates to the use of an I1L-18 inhibitor for the manufacture of
30 amedicament for the treatment and/or prevention of claudication and gangrene.
Furthermore, the invention relates to the use of an IL-18 inhibitor for the
manufacture of a medicament for the prevention of amputation, in particular limb
amputation.
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in blue. B) Quantitative evaluation of blood flow expressed as a ratio of blood flow

20 in ischemic limb to that in non-ischemic one. Values are mean + SEM, n=7 per
group. **p<0.01 versus control mice.

Fig. 3: shows A) Representative western-blot of VEGF protein content in the non-
ischemic and ischemic leg, 28 days after femoral artery occlusion. B) Quantitative
evaluation of VEGF protein levels expressed as a ratio of protein content in

25 ischemic limb to that in non-ischemic one. Values are mean + SEM, n=7 per
group. **p<0.01 versus non-ischemic control and Fp<0.05 versus ischemic
control.

Fig 4: shows A) Representative western-blot of phospho-Akt protein content in the non-
ischemic and ischemic leg, 28 days after femoral artery occlusion. B) Quantitative

30 evaluation of phospho-Akt protein levels expressed as a ratio of protein content
in ischemic limb to that in non-ischemic one. Values are mean + SEM, n=7 per
group. *p<0.05, **p<0.01 versus non-ischemic control and tp<0.05 versus
ischemic control.
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certain effect, but also to any partial or substantial prevention,
at t enuafiaonedicamnent farthe deairoasicans/oprevantion ate peripherabyasaiiarshisense. or at

early onset ‘Fﬁe term “prevention” within the context of this invention refers not only to a
complete prevention of a certain effect, but also to any partial or substantial prevention,

20  attenuation, reduction, decrease or diminishing of the effect before or at early onset of
disease.

The term “treatment” within the context of this invention refers to any beneficial
effect on progression of disease, including attenuation, reduction, decrease or
diminishing of the pathological development after onset of disease.

25 The term “peripheral vascular disease” as used herein refers to diseases or
disorders affecting the arteries, veins, and lymphatics of the extremities. Peripheral
vascular disorders may be arterial (occlusive or functional), venous, combined
arteriovenous (e.g., arteriovenous fistula), or lymphatic. Occlusive arterial disease
includes peripheral arterial occlusion and thromboangiitis obliterans. Functional arterial

30 disorders may be vasospastic (Raynaud's phenomenon and disease, acrocyanosis) or
vasodilatory (erythromelalgia). They may also be secondary to a local fault in the blood
vessels, or to disturbances in sympathetic nervous system activity, or they may
accompany organic vascular disease. Venous diseases include venous thrombosis and
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can either bind to or sequester the IL-18 molecule itself with sufficient affinity and

20 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 [L-18 signaling pathway, which is activated within the cells upon binding
of 1L-18 to its receptor binding.

Inhibitors of IL-18 action may also be soluble IL-18 receptors or molecules

25  mimicking the receptors, or agents blocking the IL-18 receptors, or [L-18 antibodies,
such as polyclonal or monoclonal antibodies, or any other agent or molecule preventing
the binding of IL-18 to its targets, thus diminishing or preventing triggering of the intra- or
extracellular reactions mediated by 1L-18.

30 In a preferred embodiment of the invention, the peripheral vascular disease is
peripheral arterial disease.

“Peripheral arterial disease” is a disorder involving narrowing of the arteries

anywhere from the arms to the aorta and the arteries of the legs. The onset can be

10
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In a further preferred embodiment, the peripheral vascular disease is peripheral
ischemia, in particular limb ischemia. “Ischemia” is a deficieny in blood supply, generally
due to occlusion or trauma of blood vessels. “Peripheral ischemia” particularly refers to
ischemia in the limbs, i.e. the arms or legs, leading to a deficiency in oxygen supply of

25 the corresponding limb tissue.

In yet a further embodiment of the present invention, the limb ischemia is critical
limb ischemia. “Critical limb ischaemia” is a state in which the blood supply to the limb is
so poor as to threaten its survival. The presence of rest pain, ulceration or gangrene
indicates critical limb ischaemia. Gangrene is the term used to describe dead tissue, and

30 it often occurs as a result of or in combination with limb ischemia. An ischaemic ulcer is
caused by an inadequate blood supply.

Critical limb ischemia, including ganrene or ulcers, require revascularization in
order to prevent amputation of the limb. Therefore, the present invention also relates to

the use of IL-18 inhibitors for treatment and/or prevention of gangrene and ulcers.
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veins which often occurs in cigarette snokers, predom nantly in nmen aged 20
to 40. The di sease involves snmall and nedi umsized arteries and,
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engg]dl mertlt Of”Lh@ present invention, the inhibitor of IL-18 is 10 selected
fr i A X% caspase-1 (1 CE), antibodies directed against |L-18,
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T SRR PV of e HeBne BE Sl Berie RSl oL ROy g
act i vi thindifhg btotéiis, as defined in Kim et al., 2000, which bind to IL-18. In particular, human
20 isoforms a and c of IL-18BP are useful in accordance with the presence invention. The
proteins useful according to the present invention may be glycosylated or non-
glycosylated, they may be derived from natural sources, such as urine, or they may
preferably be produced recombinantly. Recombinant expression may be carried out in
prokaryotic expression systems like E. coli, or in eukaryotic, and preferably in
25  mammalian, expression systems. A cell line that is particularly well suited for expression
of mammalian proteins is the Chinese Hamster Ovary (CHO) cell line.
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
viral IL-18BP are replaced by different amino acid residues, or are deleted, or one or
30  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
suitable therefor.
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The term "I L-18 binding proteins” is used herein synonynously with "IL-18
bi nding protein” or "I1L18BP". It conprises IL-18 binding proteins as
defined in WO 99/09063 or in Novick et al., 1999, including splice
variants and/or isoforns of |IL-18 binding proteins, as defined in Kim et
al ., 2000, wdbtsinsbinmtcordancelgith the peesentinventjorhinsiudegroteins enceded bynd c of

uset ot Talels HEf beh BRTHRLIERIR, Wrlich MR BLERVA B EAL Wik Snegfies” = ™

gl ycosdnalletBBR loe entdded g vitel IL-¢8BP! asdastritictl inSWd 9859088 inder dtfihdént Or
they may preferabl é‘_m(%roduced r econbi nantlﬁt(q)3 Reconbi nant expr essi on nmay

be car [PBdtigns. iThe t&‘BQ?'& SQW'BQ@"OFP@% fybridizatien aedl jsubseayent _
eUkﬁry%és‘hmgf mf@ﬁse,rmw tthégaf él@il it %?fb&ﬁ\/e?ﬁi%hﬁ fé[‘f&"a% line
y wel for e 0 pr

that is part cul ar suite pression manmal a oteins is
t he Chi"s’remgehiélrrﬁ@r Avsubel (€H@)., célirent rféoto@slwéede&mlar tBielogyr rsupra,

" mut f - I f I 8BP,
i uii ARt T X8 SR LR ATioer; 7982 L8887k 2t o sUbE Wi
viral limits$BR, ék@rnbl%@'@f@%é&ht%&nﬁﬂf&@hn@lﬁdé’@va’%ﬁrﬁb ESRdiIHYRS 12070°8" elow
del eted, or on no acid residues are added to the natural

sequenélée 2] %atﬁd Tlremf th@rhxebruaﬁ Haden studygppe.dai 2 oS @dgP /e EsiferePabl y
Mpféé r%;’i é$§ él@gh%r DFEGUECE S ASs PTRAEEE o cﬁ%é %ﬁ/& g@mé’vésgﬁq/]w

e mut el Ns ar'e prepare
and/ or 30y66 hirutes rapdithen nauDapR IBSC antl Gchbi smsm 68FCéfOIy3OIG1IBmM(m®MﬁT hose

| vent bprREn.A8Y ge 3be: 5&%\#@5%@3@' watzétnha%ﬁcgfgé@%% &lrcncaaendan o,
whi ch *Pé(r*iﬁlth HraRs Ijl\‘m Q@ﬁu%ﬁcé@\'ﬁh ﬁ’d%cﬂ%%és é@urbH hs 4BREY ‘B"as%%)ﬁ@?ﬁﬁ(ea

vi ral 8BP, as described in 99 09063, er stringent tions.
The t emgosmlemymprmsdllft mixed' pralfasr aret use:ybt igpreferaiie dodissutetrametnyl 5

vy "R BB AR08 by S0, SUARER) AT ot o O Y
lVbI ecul ar Bi Shpostichs wiitain préfeeslsigi RASea deqlence- 3f aadin® AcldeOBafficistdy) .

and Sanbrook et al., supra, Wthout limtation, exanples of stringent

condi t idsR§cative Qfdaatv@fgm lhg! 8RR SUsiRiently. dunticaliveof a vhal IEal8RBR.8ush apripof

tsgg 2%3{ aggléﬁ%%gv or %br!%ttgsﬂ' geqp 6@§?‘gn y0 SBED%D@Q ? q%gaﬂﬁ%@wg% 60

m nut edbirding tihe8, As iénd as tlS@@uatam fas StismentEl biRihg acti@éy oIl 8Lt ean beéhose
SLB&]SIL@% %{IP' ké Lurltlcgtlgglo?ll?qts suc egss ?rllw(wjeatnhsaéf a%nl ¥ en%atgé)rg%i&l ondS th(fljlsso
can be considered to have substantially similar activity to 1L-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
simple sandwich competition assay to determine whether or not it binds to an
25  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 IL-18BP
homologue, as defined in WO 99/09063. More preferably, it has at least 50%, at least
60%, at least 70%, at least 80% or, most preferably, at least 90% identity or homology

30 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
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| ength of the DNA sequences, oligonucleotide probes (such as 10-40 bases)
or m xed oligonucleotide probes. If m xed probes are used, it is
preferable to use tetranmethyl 15 ammoni um chloride (TMAC) instead of SSC.
See Ausubel, supra. Any such nutein preferably has a sequence of am no
aci ds sunidh @iaenbeyroudnqallyi obiines b ommatofobrdimary Lskil§ i3 Rheoarts ufithioat emtiLig

dupllcatlve af al |L-18BP, such as, to, have an t|V|Iy conparable to
L 1 8BEPesEetETol; {)?/setéon ﬁ‘effgéﬁﬁ'ingsﬂ”g QUIQRIIGY P"F?e'&é NG ng 1 L-18. As

| ong as the Prefetet] Biagngasopl afliteiak i iaBebriaanas With the presént-idfentioh srafwig 20
used in the purification of IL-18, such as by nmeans of affinity

chr oma @By KREWY, 2 iRPNERDAIVE s AUbRIitelinns: Gansenasve arBino e @Hbstatutlgn% pfil-ar
t
has urlSRECRpebiids dldteihd of Stalie SRS MLP SHHINIE SRS RS Ll BAHE! 1

exper i mathirah |gwup:whimh rsavegs LS Tidie ety smglas pbysleoq:hﬁmlcal prep_grt;esttbaiasutmtlmmba

sandw hco etlt ay to det, rmne ther or n [

pbr op PRt mebbB.Sf 113 grctut, T abessnsf of rrnlsticelfuston pEie, sSai@tuien
prefer '(Gﬁbrﬂﬁmdﬁg?ﬂ} It ?é‘bfleék’%tﬁHé@r‘thé‘%daéeléﬁéﬁé ofﬂfg%h@‘éefdstMaS?ralso be
hormol ogy with the sequence of either an IL-18BP or a virally-encoded

| L- 18BMadepirothegaleoverdetingd ﬁ@@uenceﬁm@mmwmmgme& fonetian, sparticulady Kdbeat

at 11 oadtoctiidta aERRRIOTO PGS lfetnif) abBE bk cirupThy sofficRddl”

pol y peﬂhddﬁﬁerp randLd e nds rérhove baldisplackB&iiino abitls wisiem ake criiedl toianfunetionaglance
with the &rresent i nventign, or nucleic acid coding therefor, include a

fi ni t e COBIIMGHOR®Et FHYElaine W%‘E‘)‘H@%Sﬁd@%ﬂ%@ngé‘@]‘ﬂéﬁ@é&roggc%%tﬁupbtqedﬁf'ons

Pepti dghaRyr iRIHAHCLEABI i Ui afR esetihiéifion, obtai ned by one of

ordinary skill 1nthe art, ut un ue ‘experinentation, based on the

teach| ngs arRre@radlyndlee payeseymeds feamiepnaci®rgrbaps ete dhasg eefined imitablast.i n
resent invention_are what

d t h k " i "
20T2L (RS et i, SRS AR O udles ard besSiehetis Tis s W' Ve
pol y pepidsl @pefaralily meesmr@mwsraﬁhmblacwmps@é thosd déheziRomp@Ys am no

acids within a group which have sufficiently simlar physi cochem cal
properties that substitution between nenbers of the group will preserve

t he bi ol ogi ﬁép!éqctl on of the nolecule (Gantham 1974). It is clear that
i nsertions tions of amno acids nmay also be made in the

above- def i neRret@epieGeasps ot BymonyaiduerAmind Aeids function, particularly if

the 10 insertions or dEA ec}l ons only ipvolve a few am no acids, e.g., under
thP¥ty, and pref ePEHNGACI ynonymous Group

Ser Ser, Thr, Gly, Asn
Arg Arg, GIn, Lys, Glu, His
Leu lle, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, Thr, Pro
25 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
30 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

Gln Glu, Lys, Asn, His, Thr, Arg, Gin
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under ten, and do not renove or displace am no acids which are critical to
a functional conformation, e.g., cysteine residues. Proteins and nuteins
produced by such deletions and/or insertions conme within the purview of
the present invention. Preferably, the synonynous am no acid groups are
t hose defined in Aable 1. 15 Mre pl@heAsmISer ABB synonynobus am no acid
groups are those defined in Table 2; erably the synonynous
am no acid groupseﬁ"re t hose defined i lﬂ?%‘&) L[% | Preferred G oups of
Synonynous Am no Agpds 20 Ami no Aci d@unmgwmﬁ G oup Ser Ser, Thr, Qy,
Asn Arg Arg, Gn, Lys, Qu, Hs Leu lle, Phe, Tyr, Met, Val, Leu Pro
Gy, Ala, Thr, Prélw5 Thr Pro, Ser, AS®, L!l}yA\Sﬂﬂl@n disnArgHElu Ala Gy, Thr,
Pro. Ala Val Met r, Phe, lle, Leu a hr, Pro, Ser, Ay Il e
I\/Ets, Tyr, Phe, Va'l\n-&{Leu Il e 30 Phe 'ﬁh;élnﬁfe}%p/]l'é{rjalwle e, Val, Leu, Phe Tyr
Trp, Met, Phe, |l®p Val, Leu, Tyr Cys Sap, Thr, Cys Hs Qu, Lys, Gn,
Thr, Arg, H's Gn GIu,Lys, Asn, H's, Thr, Arg, Gn 14 Asn Gn, Asp, Ser,
Asn Lys Qu, Gn, Hs, Arg, Lys Asp Gu, Asn, Asp Qu Asp, Lys, Asn, Gn,
H's, Arg, Gyppigzbet Phe, Ile, Val, Leu, Met Trp Trp TABLE 2 More
Pr ef erred Gr‘O‘uﬁsT‘df Synonynous Am no Aci ds

More Preferred Groups of Synonymous Amino Acids

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

30 Trp Trp
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10 Amino Acid Synonynous Group Ser Ser Arg H's, Lys, Arg Leu Leu, Ile,
Phe, Met Pro Ala, Pro 15 Thr Thr Ala Pro, Ala Val Val, Mt, Ile Gy Qy
Ile Ile, Met, Phe, Val, Leu 20 Phe Met, Tyr, Ille, Leu, Phe Tyr Phe, Tyr
Cys Cys, Ser Hs Hs, Gn, AAr\g Gn GQu, Gn, Hs 25 Asn Asp, Asn Lys
Lys, Arg AsPABkE3 Asn GQu Qu, Gn Mt Met, Phe, Ile, Val, Leu 30 Trp

Trp 15 TAB t ferred s_of non Us Amino Acids Amno Acid
Synonynous @8&#‘%&9 rrméOSA?féa’WodPn?_%{f@é l}(ﬁr:rg Met Pro Pro Thr Thr

Ala Ala 10 Val Vamino Acid Synonymous Group

Ser Ser

5 Arg Arg
Leu Leu, lle, Met
Pro Pro
Thr Thr
Ala Ala

10 Val Val
Gly Gly
lle lle, Met, Leu
Phe Phe
Tyr Tyr

15 Cys Cys, Ser
His His
Gin Gin
Asn Asn
Lys Lys

20 Asp Asp
Glu Glu
Met Met, lle, Leu
Trp Met

25 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
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
30 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
extended residence time in body fluids. An IL-18BP or a viral IL-18BP, may thus be
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Gy Ay Illelle, Met, Leu Phe Phe Tyr Tyr 15 Cys Cys, Ser Hs Hs Gn
Gn Asn Asn Lys Lys 20 Asp Asp Qu Qu Mt Mt, lie, Leu Trp Mt 25
Exanpl es of production of ami no acid substitutions in proteins which can be
used for obtaining nuteins of |IL-18BP polypeptides or proteins, or nuteins
of vi r &lsedLtol@Rither pfadeinupelypeplidesoptteski, a.gyantimmmuniagidhidia @mgrfr‘mgmmnt
nmet hod stegf, such as presented in US patents 4,959, 314, 4,588,585 and
4, 737, K50 o Mark et al; 5,116,943 to Koths et al. 4,965, 195 to Nanen et

al ; 4,879, LI hetidHaaerioativals! a8ded r@lén@ailcememﬁa@w@é oft|L-18BFs o8 virssiLne
substltut ed proteins presented in US patent No. 4,904,584 (Shaw et al). The

ter m " fi8BEd apadheir muteiseans used npolejijse pehicleMmaynss PEARAGEG oM the fymgtwnair a
vir e| &u\ﬂ% \ﬁlhﬁ:ﬁ o&ruraanasﬁg'dﬁaﬂ{s bk Qéld&%%%?% N—%?é-t%%rﬁn@a?@@n}u@%{ by -

pro a8 @hded Fesrdence \time i R
| L- 18Bﬁezmsakmwal|nlﬂhelaﬁt35ndnarye irthueicdein fite ﬁmm’dionoamrlm@as hegt r@irmaln

P Bumet Poraecricaly prespiRie’ e len AR PR demcny e sl i preiniBel s, .

viral Eb?téﬁﬁ%ﬁly aﬁﬂlaF i trie BRI T IRMBHRISR il ALe8BPs, aﬁw &b rBYcohferRbgBar ed
fromthe functi‘onal 5 groups which occur as side chains on the residues or

the N- peepettiesonicaripogitonssontginingdns known in the art, and are included in
el b T R
Sl m | akyHigh ity mekk\dritigedic dileslarfd 8Rtenar thei residehte BB IL-a8BPder awtrabtlmf er
toxic 1%530 %r E)é)deys ﬂﬂ%sc%"ﬂgrs IdteIrl\(/)e?ﬁcile(éolrr}E:l%Idg ar}lphétlc esters of the carboxyl groups,
amides of the carboxyl groups by reaction with ammonia or with primary or secondary
amines, N-acyl derivatives of free amino groups of the amino acid residues formed with
15 acyl moieties (e.g. alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free
hydroxyl groups (for example that of seryl or threonyl residues) formed with acyl
moieties.
As "active fractions" of an IL-18BP, or a viral IL-18BP, muteins and fused
proteins, the present invention covers any fragment or precursors of the polypeptide
20 chain of the protein molecule alone or together with associated molecules or residues
linked thereto, e.g., sugar or phosphate residues, or aggregates of the protein molecule
or the sugar residues by themselves, provided said fraction has substantially similar
activity to IL-18BP.
In a further preferred embodiment of the invention, the inhibitor of IL-18 is
25  antibody directed against IL-18 or its receptor, the IL-18R. Antibodies directed to any of
the IL-18R subunits, called IL-18Ro and B, may be used in accordance with the present
invention.
The antibodies according to the invention may be polyclonal or monoclonal,
chimeric, humanized, or even fully human. Recombinant antibodies and fragments
30 thereof are characterized by high affinity binding to 1L-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 exceilent regression or
alleviation of the pathogenic condition or any symptom or group of symptoms related to a
pathogenic condition, and a low toxicity.
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10 These derivatives may, for exanple, include polyethylene glycol

si de-chains, which may mask antigenic sites and extend the residence of an
| L-18BP or a viral IL- 18BP in body fluids. Qher derivatives include

al i phatic esters of the carboxyl groups, am des of the carboxyl groups by
reacti on w tNeainaizmaantibodies apy readily raised ecamidw@ly suchas eabbits; gost or mice

syl " moeimaanizalT widLat of - B g EUaR8d mMige B BruBs gl for
der | vauh bR sbiftBs, bYW B 6F Okl ReciBte Bl ByshRimal BAEK! inoliyh " gony

resi du€es med wth acyl noleties, ive fractions” n 1L-18BP,
or a vieouiurad tolBoduce large guastitigeioffandiet-1&moneciensal amtibasiesent i nventi on

f t f f . pol t 0 .chai f th
o ofe: n mol SSUPET: ARl S Rimn g bATE Sl aRa aurelupad ] sfp aiThors,
l'i nked ddypieait® orep@rtions Uddivedr fidRpeiifferést BRIt UsSaciey. Geaeriig! @k Garibbe
protein npolecule or the sugar. resjdues by thensel ves, praovided said

fracti dﬁgwasoféh%%mni%angibgdyrﬂﬂd@r ived ffomy AtRPN-gumen raammalien antipgdy Lch

ot bodis onag ifeRbor shiifobyy i HTmm AR bRt ragip % ifrivetrom

di r ect eal himaariynnadinogidieulinl b el enefdrably ¢ bblherbgidnsl 8ivd tlaa doBinatiay Heveused
| B BN RO SRy ARRUEREHAE iotoR dor (2 Gharzad suodbsn
fully hateBmmitRBRlInaMblctldhedats) B Gehed %gtn‘éeriﬁ% teBRRIBAés & Which the
characterized by high affinity binding to IL-138 or IL-18R in vivo and | ow

t oxi ci tpurine coastant ogigiansware replaged ewilis deuman t erunterpensi whilerretaining the

have  odDe “ala oo rsbibhs:, °mie “Risnlh, ifibdse;lpfe’ ShifiGic phbsss™
condi t i grefepablanyavey reduwadomgiuaogeititys gt ipmproved gitetimiagokinetics o deirans

condit h&n and a Lgog\gat oxicity. 17 Neutralizing antibodies are readily raised
i n 1ani neinohd gt Al bbits, goat or mice by inmmunization with IL-18 or

| L-18Raor 0. ThiEninba6Ang: Giefértéd ?ﬁ'{%gﬁlﬂg%}sﬁ@\?ﬁf%b}sﬁ%{ntib%?@ Shthardores

of B cells for the manufacture o inturn are cu tured to
pr oducearititode. Hrefatred i eemyilesof inumaniBdrentdl-d Baantihodidsodie des@ it imethiec

P8 P MR P B DS SRR 220 L™, e
variabl e In yet a further preferred embodiment, the antibody is fully human. The
20  technology for producing human antibodies is described in detail e.g. in WO00/76310,
W099/53049, US 6,162,963 or AU5336100.
One method for the preparation of fully human antibodies consist of
*humanization “ of the mouse humoral immune system, i.e. production of mouse strains
able to produce human Ig (Xenomice), by the introduction of human immunoglobulin (lg)
25 loci into mice in which the endogenous Ig genes have been inactivated. The Ig loci are
complex in terms of both their physical structure and the gene rearrangement and
expression processes required to ultimately produce 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
30 regulatory elements, which control antibody expression, allelic exciusion, 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.
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region of the chimeric antibody is derived froma non-human mamral i an

anti body, such as nurine nonocl onal antibody, and the inmunogl obulin
constant region is derived from a human i mmunogl obul i n nol ecul e.
Preferably, both regions and the conbinati on have 10 | ow i munogenicity as
routi neI y détudly fiureah @Blibodies arnd alethodsd &of) thetiupradiigiéeh ane iknodinein ther art

e ieRde 34 o199 0E p Een B 1aBR TR e R B ™
retai ngg@4tgbgz)0rrur| ne antigen binding regions. The resul ting nouse- human

chimeric anti preferably have reduced i mmunogenicity and inpro
phar macoki ndm ﬂ:@ghlu ﬂﬂ@f@ﬁﬁ@ﬁ ermbodirianief the pegsent 'I‘Q’QBB'On ‘I"Hﬁs!nh'p!tpra"ff'hﬂlaHér

P o or P -ElES Tt ol Sluséihy ARRBAORI Sinklorfel UUIRANGE LothlicRagH, |
Eur ?pe@ﬂ gl?aﬂlerly papmtatad ldmth_EP\t/Ié) tlﬁr_éoﬁ]g[hlesboisoimsp[lr]ﬁjteinsoytiﬂedapmma@fr
erred e i hody, | . he echna or
P oduch s tiRIALE RV e el e Habiahaatiity' oatartbr, T barficuieb it adty ©
W99/ Sﬁ.gﬁrg naréﬁp%)fé%% fﬁé’\/é’éss@&%ﬁ)@ &PRastBs 2BBVityosnfiar td N1 BBPPRIcaNY, @uchf

fully s consi st of "humanization " of the nouse hunoral
i mune psqtemnhave an pnhbaonced diologicab@svitt esi eemparace te dinpnedified 1hu@Br-1 g

o B0OT EReRre 2l dRRaR Nake B il VRlol SRR RS abtly L B il ©
are CWﬁi&fﬁXhé\VbtﬁfrtWér Oéd@@‘ﬁtbgéﬁellikepfafsb@twr stabiityuree andowee g:earmty or
rearrangenent and ression processes required to ulti natelé‘glﬂ%’)uce a

br oad ilrﬁ’fﬁ!ﬂﬂégir?@@tﬁbr%é ey A e%aytocwrvéwgﬁ trylarg,e BY@Riies) or gasier |
combi natori af hﬁ] éu OC%”BI” fiL-98BPestY id] éfh%é%la}{ts/@ofﬁg‘% éarg%eﬁak%eﬁicﬁﬁt In

the Ig loci. al so contain the i1ntersperse regul atory
el emen\8O9AT0B3aw itonw Noxitki dicdly 1899 raswelbas frarri Kimetekc2@30.0n, cl ass

S SR A bR S LTt TR Bl O AAATR g 1o
machi nghyrdve petigs Vbt theh W@lrgeélﬁ,% as Fuet BRIbTRY e haltyiks, | Bioawailability,
secretlng antige s eci fic hu-nmAb various isotypes can be obt ai ned by

Xenomi deleraneerbysthe; hmnam brdunel WUHQ@WM Vi Okﬁﬁ%@f/@ams podh ds1&RBE MaY R8ds
Lo "ok 281k, MBI  BAF BEDYRGRY, B, Bhufe S oPABs
methods, described in WO 92/13095, for example.
20 Therefore, in a preferred embodiment of the present invention, the inhibitors of IL-
18, and in particular the IL-18BP is PEGylated.

In a further preferred embodiment of the invention, the inhibitor of IL-18
comprises an immunoglobulin fusion, i.e. the inhibitor of IL-18 is a fused protein
comprising all or part of an 1L-18 binding protein, which is fused to all or a portion of an

25  immunoglobulin. Methods for making immunoglobulin fusion proteins are well known in
the art, such as the ones described in WO 01/03737, for example. The person skilled in
the art will understand that the resulting fusion protein of the invention retains the
biological activity of IL-18BP, in particular the binding to IL-18. The fusion may be direct,
or via a short linker peptide which can be as short as 1 to 3 amino acid residues in length

30 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 resuiting fusion

protein has improved properties, such as an extended residence time in body fluids (half-

19



In a highly preferred enbodi nent of the present invention, the inhibitor of
IL-18 is 5 an |L-1813P, or an isoform a nutein, fused protein, functional
derivative, active fraction or circularly pernmutated derivative thereof.
These isoforns, muteins, fused proteins or functional derivatives retain

t he bi nfbpgmcaéasedt spemfyc aktivityA iBdréBsed rexpaessiaullevelt be the muriigatien of ithe g,
and preferably hav ﬁﬁ Htlally at least an activity simlar to IL-1 813P.

| deal | &Qﬂﬂﬁ?e®ﬂ%§¥i ave an enhanced biol ogi cal activity as conpared to

unmodi fied §h-J8RBerka EMBbEIMEH, ACHBEP ik’ AREHORS tHeavenstanfeégivn tof amilgh is
better than the activity of IL- 1813P, or which have further advant ages,

li ke anmctuée Referabiy it isfused tsx/ma\tyoshatn f%lﬁﬂs likertha Sefadiarich GH3SomARS  ar e

of 1 - ebaiah 8B B BGE, BT orhpRS TS @i Srlibcite fovenl pRUARECES

or f rOBd)ﬂNFMsmb let188R anéﬂ%ﬁomaa ofein maaurhcogjulmlmmam deécrlbeﬂon@xarm)le 11 of
Functi ona

d f 1L-18BP
ot ov N5/ G0br 0 EaBHPIe @ TTBIORSC ol | BAOIHAcS B 1P oy of P, °

bi oava Y, G REANLisbiormEdgG
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fluids (hal fsudfatively, TNF antagonists can inhibit the TNF signaling pathway activated by
the cell surface receptor after TNF binding (hereinafter termed “signaling antagonists”).
Both groups of antagonists are useful, either alone or together, in combination with an
IL-18 inhibitor, in the therapy or prevention of peripheral vascular disease.

25 TNF antagonists are easily identified and evaluated by routine screening of
candidates for their effect on the activity of native TNF on susceptible cell lines in vitro,
for example human B cells, in which TNF causes proliferation and 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

30  controls with no TNF or only antagonist (Tucci et al., 1992).

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
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life), increased specific activity, increased expression |level, or the
purification of the fusion proteinis facilitated. In a preferred

enbodi ment, IL-18BP is fused to the constant region of an Ig nol ecuI e.
Preferably, it is fused to heavy chain r ons, like the CH2 and
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((‘.)Ifl élﬁo o partially or substantially neutralize the TNF epitope or
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Bot h groups o anta onists are useful, either alone or together, in
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human B cells, in which TNF causes praoliferation and i nmunog
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candi dafe). he Qésgg%'?é b dth‘é 8ort|foﬁ°6‘? ﬁ\sel &b&ﬁéﬁ@d#&?%ﬂth@ égdu%rncér@#&idmgrtlﬁ\":

used in ntro or only antagoni st (Tucci
et al. reh@ﬁtb)r mﬁeqdestmat isgf mﬁuagmmlm andable toebipd diNFT with sTRK aarafigibhthet s
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the TNF inhibitor.
In a further preferred embodiment of the present invention, the inhibitor of IL-18 is
used in an amount of about 0.01 to 100 mg/kg or about 1 to 10 mg/kg or 2 to 5 mg/kg.
25 The IL-18 inhibitor according to the invention is preferably administered
systemically, and preferably subcutaneously or intramuscularly. It may be administered
daily, or every other day. Sustained release formulations make it possible to administer

less often, such as once a week, for instance.

30 The invention further relates to the use of an expression vector comprising the
coding sequence of an inhibitor of IL-18 in the preparation of a medicament for the
prevention and/or treatment of a peripheral vascular disease. Thus, a gene therapy
approach is considered in order to deliver the 1L~18 inhibitor to the site where it is
required. In order to treat and/or prevent a peripheral vascular disease, the gene therapy
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preferred. Sol uble TNF receptor nol ecul es and neutralizing antibodies to TNF
are 20 particularly preferred. For exanple, soluble TNF-RI and TNF-RI| are
useful in the present invention. Truncated forns of these receptors,
conprising the extracellular domains of the receptors or functional
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encodi Ngd B ri ﬁPl%?hQrof'Iﬁ’é%%Hb%e b{ﬂ%nio‘?o usStelcbhbittations' 'tﬁ&‘s 8 g‘ lﬁ b' nd
TNF wi th such finity t 20°the interaction wth th nbr ane

TNF r ecthstregulatory iseobenesl with the geedtherxpressiargof whidbiis mqwm tbebamddced
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Fur t her O Bdnataesh e BeRiaiaoyol SHEATERRRYld, da E R0t haus e At
| L-18 |g_=_GA);gﬁd|m|Saj@3@ﬁbg@b ngmmLQH@QQKB to 100 ng/ kg or about 1 to 10
ng/ kg or 2 to 5 . 25 The | L-18 inhibitor accordlngl@tothelnventlon|s
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use of B0 SXRlESS g MESL oL |SOIPE} RLN0 L0e\e-ohtl 09, SE94ERGRIS o el Bih t O
of IL-18 expression. The person skilled in the art WI|| understand that such down-
20  regulation or silencing of IL-18 expression has the same effect as the use of an IL-18
inhibitor in order to prevent and/or treat disease.
The invention further relates to the use of a cell that has been genetically
modified to produce an inhibitor of IL-18 in the manufacture of a medicament for the
treatment and/or prevention of a peripheral vascular disease.

25
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 or another drug active in treatment
or prevention of a peripheral vascular disease.
30 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
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prevention and/or treatnent of a peripheral vascul ar di sease. 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
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el ementy, iR¥%eaq BRdi AFREY 48 divbNirPaddiBod 8 preteltts)Chcddrdihg to el fvieRash Bant 0
domn-reg%latlon or prevention o? I'L-18 expression. The person skilled in
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The bioavailability of the active protein(s) according to the invention can also be
ameliorated by using conjugation procedures which increase the half-life of the molecule
in the human body, for example linking the molecule to polyethylenglycol, as described

25 in the PCT Patent Application WO 92/13095.

The therapeutically effective amounts of the active protein(s) will be a function of
many variables, including the type of antagonist, the affinity of the anfagonist 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

30 level of endogenous IL-18 activity).

A "therapeutically effective amount" is such that when administered, the IL-18
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 1L-18 inhibitor pharmacokinetic properties, the route of administration, patient
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or prevention of a peripheral vascul ar disease. 30 IL-18BP and its

I soforns, nmuteins, fused proteins, functional derivatives, active
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20 According to the invention, the IL-18 inhibitor can be administered

prophylactically or therapeutically to an individual prior to, simultaneously or sequentially

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

vascularprotective agent. Active agents that are administered simultaneously with other
25  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 peripheral vascular

30 disease, 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.
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The therapeutically effective anounts of the active protein(s) wll be a
function of many variables, including the type of antagonist, the affinity
of the antagonist for I1L-18, any residual cytotoxic activity exhibited by
the antagonists, the route of admnistration, the clinical condition of
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[ nvent ittnapsendbd oilmsni stration by subcutaneous route. Intramuscul ar

admnistration is further preferred according to the i ventr on
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I ndi vidual . A second or subsequent adm nistration can be ‘adm nistered

during referenqeor to onset of the disease. 20 Accor d| ng to the invention, the
LS o RSB BSrPA i CORbRG SR i AT b
t her apeghveéntiopgl meethods iggestt any evay mulaummMrtbgt ey aspee),, description or
20  embodiment of the present invention is disclosed, taught or suggested in the relevant art.
The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of the
art (including the contents of the references cited herein), readily modify and/or adapt for
various application such specific embodiments, without undue experimentation, without
25  departing from the general concept of the present invention. Therefore, such adaptations
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. [t is 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
30 be interpreted by the skilled artisan in light of the teachings and guidance presented herein,
in combination with the knowledge of one of ordinary skill in the art.
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t herapeutically effective anmount, in particular with a TNF inhibitor and/or
anot her vascul arprotective agent. Active agents that are adm ni stered
simul taneously with other 25 therapeutic agents can be admi nistered in the
sanme or different compositions. The invention further relates to a nethod
for the preparation of a pharnaceuti dXAMBRMSHsi ti on conprising adm xi ng an

effective amunt of, an, L.L-18 inhi by agoni st with a
phar maceut i M@BP&B]‘@“&TWT@fe%ifﬁgg%%mrgwécﬁ%%@r relates to a
met hod of tngatheget of a peripheral vascular 3o disease, conprising

adm ni stering a pharmaceutically effective amobunt of an IL-18 inhibitor,
optional | y iltredyationafinymclimh McaeWRar naceutical |y effective anount of an

TNF, ant agor”lél[ezCB?BF‘/PQ?}‘%%%‘EI%&WH&@SQ, i Sﬁ,ePFancgf'Sfﬂ%;éhg%etr%{VP{ewe{ induce

descri bed thi's’inven e appreci ate In the
art t hanildtbenl Sandlimbarisdeemier fAnimats wetdianeathatided ryniseflofaneginhakitiont The

araneters, concentratjons and, condit] It t d t.i fr .
ot 11 G BERESIOTTIRG P un B eRTEl SheMon® PCReXEidP: eV o
Wi | e thd SapRealld BRdNSSpIREANarisis! INNeE (7TNafiRie Wer airoup) Wepdaned itbused
enbodi ments thereof, it will be understood that_it 1s capable of further
nodi f i cadeospecifthpathepenifes canditions fond @rdddays. Fowrxaming thawale el bni8BRses

or _adapt ati f i i ' ] : ' ' f
a8 b REh SRS A RIEEER, baodbihicd Bad et witt O uaicr Big fufiie®
come V\lilll-hBBPk@pressi‘orgqﬂ%W, ypchNABiml&lmthiim bdrs]th tibial tm_am?lal ]ghusdfles, as

i nvention pertal ns_an as applied to the essential, features

her ei ntﬁ’é@\(bg‘és'%é'?sﬁ"dﬁQ%('\é%”aftcﬁtlgiz\gggw-Bﬁ‘@ Wﬁg MYee Waie '@Sﬁt@ﬂd’é@‘ CFHHES Al
refere [ ' ' I ' ' ioC r If kshed
o CunCBEfiog o Gfip/WRicT ephity e, TodkdkordusCoRRIRY Sl (8 Sabare akbs 1
pat ent elentriampulsashef 200eMicran@8s msadaration atl2y Hz)cwepodetierredyby &f &%16e

h in, includi I t t abl fi. '

ci vad eiacboeiseltt GianelRbRe HSRaThe uhifldsl e eliE S Gl ale SRl ERA B 20
cited whhbparkhat refcpr eriee of qhéele!%.hqmi Btratesyyalhae e8éd risdcausscionpss aiaed by
reference. Reference to known nethod steps, conventional methods steps
known mpEeViodRly sshowsbribahiti ineEaasest ihotBBR solasmaaleyelfaylesfieasas pasa? kdB any

e eSO ARIS e PR TR VB SAY pRYEI G it ot o
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Quantification of angiogenesis
Microangiography
Vessel density was evaluated by high definition microangiography at the end of
the treatment period, as previously described (Silvestre et al., 2000; Silvestre et al.,
25  2001). Briefly, mice were anesthetized (isoflurane inhalation) and a contrast medium
(Barium sulfate, 1 g/ml) was injected through a catheter introduced into the abdominal
aorta. Images (3 per animals) acquired by a digital X-ray transducer were assembled in
order to obtain a complete view of the hindlimbs. The vessel density was expressed as a
percentage of pixels per image occupied by vessels in the quantification area. A
30 quantification zone was delineated by the place of the ligature on the femoral artery, the
knee, the edge of the femur and the external limit of the leg.
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general nature of the invention that others can, by applying know edge
within the skill of the art (including the contents of the references cited
herein), readily nodify and/or adapt for various application such specific
enbodi nents, w thout undue experinentation, wthout 25 departing fromthe
general conc@gppillafy déresityr esent i nvention. Therefore, such adapt ations and
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pr oxi meMic¢rovistom)bi f ur cati on of the saphenous and popliteal arteries. Mce
(7 animals per group) were then housed under specific pathogen-free
corditions for 3 or 28 days. To exam ne the role of 1L-18BP 10 in

i schem a- md%lp%g;u@,gp@ﬁgy@n Idag@ihgup of mice was injected with 60 pg of
the nurine 1L-18BP expression plasmd, pcDNA3-m L18BP in both tibial

crani al nuscTeprovde funatianalievidenes dor iselemiminiuee@ changes rovascularizatieant r ol
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of ischemic to non-ischemic leg.

20 Statistical Analysis
Results are expressed as meantSEM. One way analysis of variance ANOVA
was used to compare each parameter. Post hoc Bonferonni's t test comparisons were
then performed to identify which group differences account for the significant overall
ANOVA. A value of p<0.05 was considered as statistically significant.
25
Results:
Microangiography
At day 3, ischemic/non-ichemic leg angiographic score ratios were unaffected, in
either group (Fig. 1). In contrast, at day 28, angiographic score showed 1.6-fold increase
30  in mice treated with IL-18BP compared to controls (p<0.01).
Capillary density
Microangiographic data were confirmed by capillary density analysis after CD31
staining. At day 28, capillary density of the ischemic leg of control mice was lower than
that of the nonischemic leg (415231 versus 68842 vessels/mm? p<0.01). However,
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M cr oangi ogr aphy Vessel density was eval uated by high definition

m cr oangi ography at the end of the treatnent period, as previously
described (Silvestre et al., 2000; Silvestre et al., 25 2001). Briefly,
m ce were anesthetized (isoflurane inhalation) and a contrast nedium
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(Silvestre et aJ., 2000; .Siv, e et al.., 2001). Frozen tli t,} Qns
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(20pg/ meyy ﬁgﬁy oR98Merit by 8nPBIconiséd ke ebRBol aniffEik) PEbablds pweItd, Figure
V|suaI|zeH y  using avidi'n-bi otin horseradi sh peroxydase visualization
systen®).(Vectastain ABC kit elite, Vector Laboratories). Capillary
densities were calculated in randomy chosen fields of a definite area,

usit g H stolab software (Mcrovision). 10 Laser Doppl er Perfusion |Inmaging
To provide TE)dhp2 Reyuktioteofl VEGFs phosphotAkiarail ebldS) pesteimlevel

vascul ari zat 1 on, aser Doppl er Perfusion |Inmagi ng experinents were
per f orned, dMetBeEVi ously described (Silvestre et al., 2000; Silvestre et
al., 2001). hef | e " SN e(dnRiomeial tyitrikd FeRd | SYingiaseC prati)r om
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i ncl udi ng .amhi ent 1 .and te r r calc t rfusi on was expressed
as la r Ar¢gou Ygﬁéﬁrﬁ@"ﬁ@s‘ﬁ%ﬁg@ﬁbﬁi §“Y%53Fe %@S@Pﬁgt i cal Analysis
Results are expressed as neanSEM One way anal ysis of variance ANOVA was

used to conpare each paraneter. Post hoc Bonferonni's t test conparisons
wer e Results:

VEGF. At day 3, no changes in VEGF protein level were observed between the
ischemic and non-ischemic legs, in either group. At day 28, in control mice, VEGF
20 protein content tended to increase in the ischemic leg when compared with the non-

ischemic one, but this did not reach statistical significance. In contrast, VEGF protein
level of the ischemic leg was markedly upregulated by 120% in IL-18BP-treated mice
compared to controls (p<0.05) (Figure 3).

~ Phospho-Akt. At day 3, phospho-Akt protein level was unchanged in ischemic

25 and non-ischemic hindlimbs whatever the treatment. At day 28, in control mice,
phospho-Akt protein content was increased by 60% in ischemic hindlimb over that of non
ischemic one (p<0.01). This increase in phospho-Akt content of the ischemic leg doubled
in mice treated with IL-18BP (110% increase, p<0.05 as compared with the increase in
the ischemic leg of control mice) (Figure 4).

30 eNOS. At day 3, eNOS protein content was unaffected in ischemic (107+8%
versus 103x24%) and non ischemic legs (100x12% versus 94+21%) for control and IL-
18BP-treated animals, respectively. At day 28, in control mice, eNOS levels were raised
by 55% in the ischemic leg in reference to the non-ischemic one (155t8% versus
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then perfornmed to identify which group differences account for the
significant overall ANOVA. A value of p<0.05 was considered as
statistically significant. 25 Results: M croangi ography At day 3,
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capillary density analysis after CD31 staining. At day 28, capillary
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treated and untreated mce. However, inh IL-18BP treated mce, a greater
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I schem ¢ and non-1sc , I'n either group. , In contro

m ce, \WEHEFi26I. Moneiucleardediatware tierdincubatedrwitts Buonesceio isatblosyanatedhlThen
cor‘r?ar ed w tPJ he non- o . . . ,
1 conjugated monoclonal antibodies against Sca-1 (D7, BD Pharmingen). Isotype-identical

antibodies served as controls.

EPC Differentiation Assay
Immediately after isolation, 5.10° bone marrow derived monuclear cells were also
20 plated on 35mm-cell cuiture dishes coated with rat plasma vitronectin (Sigma) and
gelatin (0.1%) and maintained in endothelial basal medium (EBM2, Bio whittaker). After
4 days in culture, nonadherent ceils were removed and adherent cells underwent
immunochemicals analysis.
To detect the uptake of 1,1'-dioctadecyl-3,3,3’,3'-tetramethylindocarbocyanine-
25 labeled acetylated low-density lipoprotein (AcLDL-Dil), cells were incubated with AcLDL-
Dil (Tebu) at 37°C for 1 hour. Cells were then fixed with 2% paraformaldehyde,
incubated with a primary polyclonal rabbit antibody directed against and von-Willbrand
factor (vWF) (DAKO) for 1 hour, and with FITC-labeled monoclonal antirabbit IgG (H+L)
for 30min (Coulter). Dual-stained cells positive for both AcLDL-Dil and vWF were judged
30 to be EPCs, and they were counted per well. Three independent investigators evaluated
the number of EPCs per well by counting three randomly selected high-power fields.
Results are then expressed as percentage of total number of mononuclear cells.

Results:
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i schem c one, but this did not reach statistical significance. In contrast,
VEG- protein |evel of the ischemc |leg was markedly upregul ated by 120%in
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J.M, sand Zubler, R H , 1992, J.Imunol. 148, 2778-2784. 21. Yoshinoto T,
Takeda K, Tanaka S
and Nakani shi , 1&9385'36‘ §Ccofq‘r?ﬁ1Fﬂ)a]a'”lglaw@'&mﬁgm?&%@'a\@fﬂ"ﬁfsé'siaseUée of
an i nhi bige@ip h@.ifa| éﬂ;erihﬁsdisaagéﬁe manuf acture of a nedi canent for the treatnent
and/or prevention of a peripheral vascular disease. 5 2. The use according
to claim1, wherein the peripheral vascular disease is peripheral arterial
di sease. 3. The useTras:@@éoad@gron@ & aidinl 1 odr 2,, wiBasireithe tgeeiphetl phssudr

vascul ar .10 di seas her al | ar se of the | ower
extr elf t | @igeasg is pRIp ?‘Sfaﬁ Sq id5iease ogt?\e ‘?_W%?xhﬁmf & manufacture of a

medi canment for the treatnent and/or prevention of claudication, which is
due to a peri pAtller al Ugefig?gll ?rthbl’%rs?ﬂ_-% ir%?he manufacture of a medicament for the
treatment and/or prevention of claudication, which is due to a peripheral vascular
disease.
15
5. The use according to any of the preceding claims, wherein the peripheral

vascular disease is Buerger's Disease (Thromboangiitis Obliterans).

6. The use according to any of claims 1 to 4, wherein the peripheral vascular

20 disease is peripheral ischemia.

7. The use according to claim 6, wherein the peripheral ischemia is limb
ischemia.

25 8. The use according to claim 7, wherein the limb ischemia is critical limb
ischemia.

9. Use of an inhibitor of IL-18 in the manufacture of a medicament for the

treatment and/or prevention of gangrene, which is due to a peripheral vascular disease.
30
10. Use of an inhibitor of IL-18 in the manufacture of a medicament for the

prevention of limb amputation, which is due to a peripheral vascular disease.
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5. The use according to any of the preceding clains, wherein the peripheral
vascul ar disease is Buerger's Disease (Thronboangiitis Qobliterans). 6. The
use according to any of clains 1 to 4, wherein the peripheral vascular 20
di sease is peripheral ischema. 7. The use according to claim®6, wherein
the peripheral ischema is linb ischema. 25 8 The use according to claim
7, wherein the linb ischemia is critical linb ischema. 9. Use of an

i nhibitor of 1L-18 in the manufacture of a nedi canent for the treatnent
and/ or prevention of gangrene, which is due to a peripheral vascul ar

di sease. 30 10. Use of an inhibitor of I1L-18 in the manufacture of a

medi cament forq{ he Ty @é/eeaédoedln@fo Aihyér T t1efol ﬂﬁwh‘éﬁélﬁ Ithel iBhiBuer 6faLa s
peri pheral vascul ar di sease. 33 The use accordin of clal | to

10, wher db gelested; fram gntighibigar qfﬁaareaseﬂ (IGE). &Rt atibedy ad’f'ﬁt 'h‘l%b?’i‘ gpti

caspase- ]adélr{%@any%'ﬂtr?é‘ﬂ_'-@ﬁbbeéﬁalsl]&ﬁnltbLaﬂ-&mtﬂﬂ&r éﬂtHeledbS s?ﬂﬁhﬁ@ﬁbatﬂﬂ&y,o‘c t he
I'L-18 receptor subunits, an inhibitor of an

nal
ant agoni san ahtagenigtefl EH"W%GW’E‘% Iy 1L8 %d ka%ﬂ'l?gl Qrﬁggqtgr fgd ah

receptsor, | ¥ p@Ring ploteh® & RAFING, PHREIAI FuseB profei, OfuAttioml @bﬁvat'ﬁ/élsﬁéilve
protein, functional derivative, active fractjon or circularl %tg})t tated

deri vat i vieagtingrossircylamy Bemyiated erivative dogreal inaibHingiths bigfogiqal a I-"I'he
use accorging to claim1l, wherein the inhibitor of IL-18 is an 10

anti body directed against |1L-18. 13. The use according to claim1ll, wherein
the inhibitor of IL-18 is an antibody directed against |1L-18 receptor a.
15 14. The useqaccotgd NBet fecoldihdntd lolaih el et tha MhHibitd®r ofofL-18-id.&ni s an
anti body directed against |L-18 receptor P. 15. The use according to any of
cl ai ¥ 11antipodu dirggied 89ainstle1PL- 18 antibody is a humanized or human
antibody. 20 16. The use according to claim1l, wherein the inhibitor of

IL-18 is an IL-18 binding protein, or an |soform a nutein, fused protein,
functional deri%ati Ve uset ageerding to claim 11, wherein the inhibitor of IL-18 is ‘an

antibody directed against IL-18 receptor o.

15 14. The use according to claim 11, wherein the inhibitor of IL-18 is an

antibody directed against |L-18 receptor .

15. The use according to any of claims 11 to 14, wherein the I1L-18 antibody is

a humanized or human antibody.

20
16. The use according to claim 11, wherein the inhibitor of IL-18 is an IL-18
binding protein, or an isoform, a mutein, fused protein, functional derivative, active
fraction or circularly permutated derivative thereof inhibiting the biological activity of IL-
18.
25

17. The use according to any of the preceding claims, wherein the IL-18

inhibitor is glycosylated at one or more sites.

18. The use according to claim 11, wherein the fused protein comprises an

30 immunoglobulin (Ig) fusion.

19. The use according to claim 11, wherein the functional derivative
comprises polyethylene glycol attached to one or more functional groups of one or more

side chains on the amino acid residues.
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fraction or circularly pernutated derivative thereof inhibiting the

bi ol ogi cal activity of IL- 18. 25 17. The use according to any of the
preceding clains, wherein the IL-18 inhibitor is glycosylated at one or
nore sites. 18. The use according to claim1l, wherein the fused protein
conprises an 30 imunoglobulin (1g) fusion. 19. The use according to claim
11, wherein the functional derivative conprises polyethylene glycol
attached to one or nore functional groups of one or nore side chains on
the amino acid residues. 34 20. Use of an expression vector conprising the
codi ng sequence of an inhibitor of IL-18 in the preparation of a

medi canent for the treatnent and/or prevention 5 of a peripheral vascul ar
di sease. 21 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 medi canesy, fc’Usé Qﬁ dr @RbrEBALN AREHPr caiRiériat tHen ceding fequémdeebRlan

vascul ar di sease.
inhibitor of IL-18 in the preparation of a medicament for the treatment and/or prevention

5 of a peripheral vascular disease.

21 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 peripheral vascular disease.

10
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