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extracts of livers frommce preconditioned with P. acnes (Ckanura et al .,
1995). In this nodel, the he (Kupffer cells)
expand and in these mce, gg%é@%%%%ﬂb pol ysacchari de 20
(LPS), whi ch Ilﬁ mg Qﬁ@ﬁ&l@kmllmﬂ@dd Seffn iastivigtthbteinbaded inRefRBRS, {IBARRI . The
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20 (LPS), which in non-preconditioned mice is not lethal, becomes lethal. The factor,
named IFN-y -inducing factor (IGIF) and later designated interleukin-18 (IL-18), was
purified to homogeneity from 1,200 grams of P. acnes-treated mouse livers. Degenerate
oligonucleotides derived from amino acid sequences of purified 1L-18 were used to clone
a murine IL-18 cDNA. IL-18 is an 18-19 kDa protein of 157 amino acids, which has no
25 obvious similarities to any peptide in the databases. Messenger RNAs for I1L-18 and
interleukin-12 (IL-12) are readily detected in Kupffer cells and activated macrophages.
Recombinant IL-18 induces IFN-gamma more potently than does IL-12, apparently
through a separate pathway (Micallef et al., 1996). Similar to the endotoxin-induced
serum activity, IL-18 does not induce IFN-y by itself, but functions primarily as a
30 co-stimulant with mitogens or IL-2. IL-18 enhances T cell proliferation, apparently
through an IL-2-dependent pathway, and enhances Th1 cytokine production in vitro and
exhibits synergism when combined with IL-12 in terms of enhanced IFN-y production
(Maliszewski et al., 1990).
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augmenting the functional activity of Fas ligand on Th1 cells (Conti et al., 1997). IL-18 is
20 also expressed in the adrenal cortex and therefore might be a secreted neuro-
immundmodulator, playing an important role in orchestrating the immune system
following a stressful experience (Chater, 1986).
In vivo, IL-18 is formed by cleavage of pro-IL-18, and its endogenous activity
appears to account for IFN-y production in P. acnes and LPS-mediated lethality. Mature
25 IL-18 is produced from its precursor by the IL-1B converting enzyme (IL-1beta-
converting enzyme, ICE, caspase-1).
The 1L-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
30 complex. Two receptor subunits have been identified so far, both belonging to the IL-1
receptor family (Parnet et al., 1996). The signal transduction of IL-18 involves activation

of NF-xB (DiDonato et al., 1997).
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possessing the identical Ig domain, also neutralize >95% murine IL-18 at a molar

excess of two. However, murine IL-18BPd, which shares a common C-terminal motif

with human IL-18BPa, also neutralizes human IL-18. Molecular modelling identified a

large mixed electrostatic and hydrophobic binding site in the Ig domain of IL-18BP,

25  which could account for its high affinity binding to the ligand (Kim et al., 2000).

Traumatic brain injury (TBI), also simply called head injury, or closed head injury

(CHI), refers to an injury of the central nervous system where there is damage to the

brain caused by an external blow to the head. It mostly happens during car or bicycle

30 accidents, but may also occur as the result of near drowning, heart attack, stroke and
infections. This type of traumatic brain injury would usually result due to the lack of

oxygen or blood supply to the brain, and therefore can be referred to as an "anoxic
injury”.
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the brain, whiSdeoh®iybf#in 88MAdOEdNE as a result of complications developing after the

moment of injury. They include intracranial hemorrhage, traumatic damage to

20 extracerebral arteries, intracranial herniation, hypoxic brain damage or meningitis.

An "open head injury" is a visible assault to the head and may result from a
gunshot wound, an accident or an object going through the skull into the brain (“missile
injury to the brain”), This type of head injury is more likely to damage a specific area of
the brain.

25 So called "mild brain injury" may occur with no loss of consciousness and
possibly only a dazed feeling or confused state lasting a short time. Although medical
care administered may be minimal, persons with brain injury without coma may
experience symptoms and impairments similar to those suffered by the survivor of a
coma injury.

30 In response to the trauma, changes occur in the brain, which require monitoring
to prevent further damage. The brain's size frequently increases after a severe head
injury. This is called brain swelling and occurs when there is an increase in the amount

of blood to the brain. Later in the iliness water may collect in the brain, which is called



to prevent further damage. The brain's size frequently increases after a
severe head injury. This is called brain swelling and occurs when there is
an i ncrea®o wt4be anount of blood to the brain. Later i ®CrhPo2bioness
water may collect in the brain, which is called WO 02/ 096456 PCT/ EP02/ 05666
5 brain edema. Both brain swelling andsbrain edema result in excessive
pressure in the brain called intracranial pressure ("ICP"). Coma is the
prol onged period of unconsciousness imediately following the traumtic
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hi ghl i ghtiggrigd chimealideBkteigieCdi®fuption and haemorrhage. Closed injuries account for
most spinal injuries and are usually associated with a fracture/dislocation of the spinal
20 column, which is usually demonstrable radiologically. Damage to the cord depends on
the extent of the bony injuries and can be considered in two main stages: Primary
"damage, which are contusions, nerve fibre transections and heamorrhagic necrosis, and
secondary damage, which are extradural haematoma, infarction, infection and oedema.
Late effects of cord damage include: ascending and descending anterograde
25 degeneration of damaged nerve fibers, post-traumatic syringomelyia, and systemic
effects of paraplegia, such as urinary tract and chest infections, pressure sores and
muscle wasting.
The pathology of traumatic brain injury is very complex and still poorly
understood. Research efforts in the past decade have highlighted an important role of
30 cytokines released systemically and locally within the intrathecal compartment after
brain injury, and a dual effect of pro-inflammatory cytokines, such as TNF, IL-6, or IL-8,
was hypothesized based on findings of time-dependent beneficial and adverse effects of
these mediators (Morganti-Kossmann et al., 1997; Kossmann et al., 1997; Shohami et

al., 1999, Scherbel et al., 1999; Whalen et al., 2000). As described above, a recently
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The use of combinations of an IL-18 inhibitor with an interferon and/or TNF
and/or inhibitors of inflammation and/or antioxidants are also provided according to the
invention. In order to apply gene therapeutic approaches to deliver the 1L-18 inhibitor to

25 diseased tissues or cells, further aspects of the invention relate to the use of nucleic
acid molecules comprising the coding sequence of an 1L-18 inhibitor for the treatment
and/or prevention of the CNS injury. The invention also relates to the use of celis
genetically engineered to express 1L-18 inhibitors for the prevention and/or treatment of
CNS injury.

30

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a histogram depicting the serum levels of intracerebral {L-18 (ng/ml) in
whole brain (hatched), in the left hemisphere (black) or in the right hemisphere

(gray) under different conditions.



genetically engineered to express IL-18 inhibitors for the prevention
and/or treatnent of OCNS injury. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
1 shows awbiogogs@am depicting the serum | evel s of i ntraceP€EbrERN2/036668
(ng/mM) in whole brain (hatched), in the left hem sphere (black) or in the
ri ght hem sphere (gray) under different conditions. WO 02/096456

PCT/ EP02/ 05666 7 Fig,._? shows the devel opnent of NSS ( Neurol ogical
Severity Score) neasured 1 hour (h), 24h, 72h or 168h follow ng trauna,
either with 50 g of IL-1 813P adm nistered i.p. at | h follow ng trauma

(squares), or with injection of vehicle only (control, 5 circles). Fig. 3
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g of IsL-18BP aglgky). stered i.p. either as a single dose at 3d follow ng
trauma (dianonds), or with a double dose at 1h and 3d follow ng traum

(squares)_.or_injection of vehicle on] contral, triangle). 15 SCRI PTI ON
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recovery from b[]a{?n in'@ur in @ﬂuri ne nmodel 20 of closed head injury. In
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is uptoregul ated in the brain and cerebrospinal fluid after traumatic brain
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The invention further rel §tes t?‘.ﬁhe use Pf an |L-18 inhibitor for the
manuf act ur e (squares) or injection of vehicle only fcon rol, triangle).

15

DESCRIPTION OF THE INVENTION
The present invention is based on the finding of a statistically significant
beneficial effect of an IL-18 inhibitor on the recovery from brain injury in a murine model
20 of closed head injury. In accordance with the present invention, it has further been found
that IL-18 is up-regulated in the brain and cerebrospinal fluid after traumatic brain injury,
indicating that this pro-inflammatory cytokine plays an important role in the pathogenesis
of brain injury.
Therefore, the invention relates to the use of an IL-18 inhibitor for the
25 manufacture of a medicament for treatment and/or prevention of central nervous system
(CNS) injury.
The invention further relates to the use of an IL-18 inhibitor for the manufacture
of a medicament for treatment and/or prevention of complications and late effects of
CNS injury.
30 In preferred embodiments of the invention, the CNS injury is traumatic brain
injury or closed head injury.
In a further preferred embodiment, the CNS injury is spinal cord injury.
In yet a further yet a further preferred embodiment of the invention, the brain
injury is of vascular origin.



of a medi canment for treatnent and/or prevention of conplications and |ate
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The present invention also relates to the use of IL-18 inhibitors for the

preparation of a medicament for treatment and/or prevention of any injury to the brain
20 that is vascular in origin, such as hypoxic brain damage with cerebral infarction,
ischemia, cerebrovascular accident, or stroke.

The terms “treating” and “preventing”, as used herein, should be understood as
partially or totally preventing, inhibiting, attenuating, ameliorating or reversing one or
more symptoms or cause(s) of CNS injury, as well as symptoms, diseases or

25 complications accompanying CNS injury. When “treating” CNS injury, the substances
according to the invention are given after onset of the disease, “prevention” relates to
administration of the substances before signs of disease can be noted in the patient.

Treatment of CNS injury is preferred in accordance with the present invention.
Preferably, in order to treat CNS injury, the IL-18 inhibitor is administered as soon as

30 possible after CNS injury, e.g. within the first hour after the injury. However, as shown in
the Examples below, one [L-18 inhibitor was shown to exert its beneficial effect on brain
injury even when administered three days after brain injury occurred. Therefore, in order
to treat CNS injury, it is preferred to administer the 1L-18 inhibitor within three days from
the injury.



25 conplications acconpanying CNS injury. Wen "treating" CNS injury, the
subst ances according to the invention are given after onset of the
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anti badi es,  Inhibitors of IL-18 action may also be soluble IL-18 receptors or molecules

mimicking the receptors, or agents blocking the IL-18 receptors, or IL-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 IL-18.

25 In a preferred embodiment of the present invention, the inhibitor of IL-18 is
selected from inhibitors of caspase-1 (ICE), antibodies directed against 1L-18, antibodies
directed against any of the IL-18 receptor subunits, inhibitors of the IL-18 signaling
pathway, antagonists of IL-18 which compete with IL-18, or bind to, and block the IL-18
receptor, and IL-18 binding proteins, isoforms, muteins, fused proteins, functional

30 derivatives, active fractions or circularly permutated derivatives, or salts thereof.

The term “IL-18 binding proteins” is used herein synonymously with “IL18BP". It
comprises |1L-18 binding proteins as defined in WO 99/09063 or in Novick et al., 1999,
including splice variants and/or isoforms of IL-18 binding proteins, as defined in Kim et

al., 2000. In particular, human isoforms a and ¢ of IL-18BP are useful in accordance with
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20  have substantially similar activity to IL-18BP. One activity of IL-18BP is its capablllty of
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 chromatography, and thus
can be considered to have substantially similar activity to 1L-18BP. Thus, it can be
determined whether any given mutein has an activity substantially similar to IL-18BP by

25 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 appropriately
labeled IL-18, such as radioimmunoassay or ELISA assay. Simple functional assays for
assessing the biological activity of IL-18BP were described in detail in WO 99/09063,
e.g. in examples 2 (binding to IL-18 as assessed by cross-linking) or 5 (inhibition of IL-

30 18 induced INF-gamma induction in mononuclear blood celis).

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. 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 thereto.
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tetramethyl ammonium chloride (TMAC) instead of SSC. See Ausubel, supra.

In a preferred embodiment, any such mutein has at least 40% identity or

homology with the sequence of SEQ ID NO: 1, 2 or 3 of the annexed sequence listing.
25  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 thereto.

Identity reflects a relationship between two or more polypeptide sequences or
two or more polynucleotide sequences, determined by comparing the sequences. In
general, identity refers to an exact nucleotide to nucleotide or amino acid to amino acid

30 correspondence of the two polynucleotides or two polypeptide sequences, respectively,
over the length of the sequences being compared.

For sequences where there is not an exact correspondence, a "% identity" may
be determined. In general, the two sequences to be compared are aligned to give a

maximum correlation between the sequences. This may include inserting "gaps” in
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lool ynﬁcl ?muh KH&Svnak tﬁm.pgiu;m@phétdm&ﬁgjgmlz évailéﬁémeﬂbiw\;ﬁbynsin ﬁ&’qﬂen_béle

ength of  the.s ences bei C ared. For, s ences re. there is not an
exact cortelsisnHaskegs Yoo e ABRYGehl St sl REFL RATD? g BREFANS (e
two seqUEBEERFIToahe GaPpaney e eusedi ¢neadbtérmitgd ihe a% naedititpu rhetsenelad i on
bet we t he sequences. Thi g i ncl ipserting s" in 02/.096456
pCT) Ebo/ OSERERBERSCH, e S dBphy B B o fheO% S98RRR B PHWRE co-of
al i gnnent segheBéasd BRESTHYT nmgs e "ldedl evamolegy” algritirh eofvroitte ahd nieterroén each of
t he seque i C . - . ' o Lhat Al
parti cul a@?@ﬁsgl Qﬁﬁ’seﬂ{%?ésggsdﬁégée@)%ﬁ Ptswglaggﬁn%etg?rgé@%gse?]%chg O‘hé%‘ﬁgt h, or
over shorpregranddoi determiring idestity sod/oasimdarity betaleealsegurnees Jre adodtnoivs imor e
sui tabl e 4,2 gFtofor ﬁ%%%@%ﬁs@isﬂ%ﬁﬂg%\f pJogFé%A“%\ItQ’Eﬁdﬂgqﬁetfa\‘Pﬁ 9‘%8,%@5&&?% ¢ he
identity and honol ogy of two or re sequentes are well known in the art.
Thus thor ¢tralt 497 acerssipleathsoughathe diome page pletheiNEBIngli weagbialioeih.gaval ysi s

Package, MefEADFA BehrddnBN & 99%0; peilsl 19881984) . for exanpl e the prograns
BESTFI T and GAP, hmy be used to determne the %identity between two 10

pol ynucl eot i dd¥et@rgdichanggsi faemiieing i ascardrncoisiee Bigpemdrvmaton argyvhat

pol ypept i gg kns®A e8MeEfserBival ubsthitai®hs! B86nsdrRfitd aRMBPAGE ¥ubstitu@ignd bhim of
Smith and Waterman . (1981) and finds the best si ré%le region of simlarity

bet ween t‘,ﬁ?%@qugg%s_ orcprateins or viral IL-18BPs, may include synonymous amino acids
20 within a group which have sufficiently similar physicochemical properties that

substitution 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 insertions or deletions only involve a few amino acids, e.g., under thirty, and

25  preferably under ten, and do not remove or displace amino acids which are critical to a

functional conformation, e.qg., 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.

More preferably, the synonymous amino acid groups are those defined in Table 2; and

30  most preferably the synonymous amino acid groups are those defined in Table 3.



prograns for determining identity and/or simlarity between sequences are
al so known in the art, for instance the BLAST famly of prograns (Altschul
S F et alwom@Mm4sAl tschul S F 15 et al, 1997, accessi bl e tPrargrghioishe hone
page of the NCBI at www. ncbi.nl mnih.gov) and FASTA (Pearson WR, 1990;
Pearson 1988). Preferred changes for qyt eins in accordance with the present
invention are what are known as "conservative" substitutions. Conservative
am no acid substitutions of IL- 18BP pol ypeptides or proteins or viral

| L- 18BPs, may tApilple synonynous am no acids 20 within a group which have
sufficiently simTar physicochem cal properties that substitution between
nmenbers of thdTgleFap QAPYRS §fSysemmouseNiBe 8F18gi cal function of the nolecule
(Grantham 1974). Igmihs Aelgear that i Bg&dryh0s crep del etions of ami no acids
may al so be nade in the above-defined sequences wi thout altering their
function, particul @y if the inser PFodeH&Y-dNetions only involve a few
am nosacids, e.g., Awgder thirty, andagh gm alysr@al) sisunder ten, and do not
renove or displace am no acids which ang]EC{I_i th@?l ﬁiﬂ‘ﬁa functi onal
conformation, e.g. ,C¥ysteine resi duel® Mol ¥ NE: A teins produced by
such del etions andrer insertions cowmy, Wd, Thr) Prdie purvi ew of the present

i nvention. Prefera , the synonynous am no, aci,d gro are those defined
in Table 1. More ?J‘gferabl y, the sy%&%g‘?ﬁﬁa’a ’rfgs’ @Ftsjnﬁroups are those
defined in Table 2;A@and 30 nost preGdy, aht,Pré,a synonynous am no acid

groups, are those dgfined in Table 3. 2/ 096456 PCT/ EP02/ 05666 13 TABLE
1 Preferred C?(oupse‘;c?'Il Synonynous Am h/l\é@&g(,d%e, i‘?ﬂﬁ'ﬁg’(i%li d Synonynous G oup
Ser Ser, Thr, Ay, Ggn 5 Arg Arg, G Ala, Ifs PraiSer, Blys Leu lie, Phe, Tyr,
Met, Val, Leu Pro y, Ala, Thr, Pr .0, \,5€e a, Ay, H's, Gn, Thr
Ala Ay, Thr, Pro, ”% a 10 val WMet, T&re?jwlgﬁelfh%ryg,’ Lf%ﬁ'% Val Gy Ala, Thr,
Pro, Ser, Ay lle M, Tyr, Phe, Val Tri.det, Tyrdle, PaleLau, heMet , Tyr, lie,
Val, Leu, Phe

Tyr Trp, Met, Phe, lie, Val, Leu, Tyr
15 Cys Ser, Thr, Cys
His Glu, Lys, GIn, Thr, Arg, His
Gln Glu, Lys, Asn, His, Thr, Arg, GIn
Asn Gin, Asp, Ser, Asn
Lys Glu, Gin, His, Arg, Lys
20 Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, GIn, His, Arg, Glu
Met Phe, lle, Val, Leu, Met
Trp Trp
25 TABLE 2
More Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
Arg His, Lys, Arg
30 Leu Leu, lle, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala

Val Val, Met, lle



Tyr Trp, Met, Phe, lie, Val, Leu, Tyr 15 Cys Ser, Thr, Cys H's du, Lys,
Gn, Thr, Arg, Hs Gn du, Lys, Asn, H's, Thr, Arg, Gn Asn Gn, Asp,
Ser, Asn WQ92a456 G n, H's, Arg, Lys 20 Asp G u, Asn, AspCEHEPIZ8I66 LYyS,
Asn, Gn, Hs, Arg, Qu Mt Phe, lie, Val, Leu, Met Trp Trp 25 TABLE 2
More Preferred G oups of Synonynmous Agyno Acids Amino Acid Synonynous
Goup Ser Ser Arg H's, Lys, Arg 30 Leu Leu, Ile, Phe, Met Pro Ala, Pro
Thr Thr Ala Pro, Ala Val Val, Mt, | i e WD 02/ 096456 PCT/ EP02/ 05666 14
Ay Ay Ile lle, Mgy, Phe, Val, Leu bg, Met, Tyr Ile, Leu, Phe Tyr Phe,
Tyr 5 Cys Cys, Ser H's H's, Gn, Arg G‘le l\?et Phe Val LH| s Asn Asp, Asn Lys

Lys, Arg 10 Asp Asp® Asn GQu Qu, eu
Phe Met, Tyr, lle, Leu, Phe
Tyr Phe, Tyr
5 Cys Cys, Ser
His His, GIn, Arg
Gln Glu, GIn, His
Asn Asp, Asn
Lys Lys, Arg
10 Asp Asp, Asn
Glu Glu, GIn
Met Met, Phe, lle, Val, Leu
Trp Trp
15 TABLE 3
Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
Arg Arg
20 Leu Leu, lle, Met
Pro Pro
Thr Thr
Ala Ala
Val Val
25 Gly Gly
lle lle, Met, Leu
Phe Phe
Tyr Tyr
Cys Cys, Ser
30 His His
GIn Gin
Asn Asn
Lys Lys

Asp Asp



Met Met, Phe, Ile, Val, Leu Trp Trp 15 TABLE 3 Myst Preferred G oups of
Synonynous Am no Acids Amino Acid Synonynmous Group Ser Ser Arg Arg 20
Leu Leu, WDhe2/onas6 Pro Pro Thr Thr Ala Ala Val Val 25 @CY/EB03Y0s6bé e |1 e,
Met, Leu Phe Phe Tyr Tyr Cys Cys, Ser 30 Hs HHs Gn Gn Asn Asn Lys
Lys Asp Asp WO 02/096456 PCT/EP02/05686 15 Gu Qu Mt Mt, lle, Leu
Trp Met 5 Exanpl es of production of amno acid substitutions in proteins
whi ch can be wused for obtaining nuteins of IL-18BP pol ypeptides or
proteins, or muteingyof viral IL- 18BPsg)jor use in the present invention
I ncl ude any known t hod steps, such as E)resent ed in US patents 4,959, 314,
4,588,585 and 4, 73Mét62, to Mark et al; 1?6 Yh3 to Koths et al.
4,965,195 to Nanenmp al; 4,879,111 to ﬂwng et al; and 5,017, 691 to 10 Lee
et al; and lysine substituted proteins presented in US pat ent No. 4,904,584
(Shaw et

5 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 fo
10  Lee et al; and lysine substituted proteins presented in US patent No. 4,904,584 (Shaw et
al).
The term "fused protein" refers o 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 fiuids. An IL-18BP or a viral IL-18BP, may thus be
15  fused to another protein, polypeptide or the like, e.g., an immunoglobulin or a fragment
thereof.
"Functional derivatives" as used herein cover derivatives of 1L-18BPs or a viral
IL-18BP, and their muteins and fused proteins, which may be prepared from the
functional groups which occur as side chains on the residues or the N- or C-terminal
20  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 [L-18BP, or viral IL-18BPs, and do not
confer toxic properties on compositions containing it.
These derivatives may, for example, include polyethylene glycol side-chains,
25  which may mask antigenic sites and extend the residence of an IL-18BP or a viral IL-
18BP in body fluids. Other derivatives include aliphatic esters of the carboxyl groups,
amides of the carboxyl groups by reaction with ammonia or with primary or secondary
amlnes N-acy! derivatives of free amino groups of the amino acid residues formed with
acyl moieties (e.g. alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free
30  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
chain of the protein molecule alone or together with associated molecules or residues



al). The term"fused protein" refers to a polypeptide conprising an IL-1
813P, or a viral IL-1 813P, or a mutein or fragnment thereof, fused with
anot her pwotoeloosdssshi ch, e.g., has an extended residence PCREPI20IBOEY
fluids. An IL-18BP or a viral 1L-1813P, may thus be 15 fused to anot her
protein, polypeptide or the like, e g an i mmunogl obul in or a fragnent

t hereof. "Functional derivatives" L]ged herein cover derivatives of

| L-18BPs or a viral 1L-1813P, and the|r nmut ei ns and fused proteins, which
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ani no gr CUBRNBP2PFR 38 E’Ema 'U\?st ipuch & rigiipaelpie e g.
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ferric orygimearsid tsod iRRE hhtibh %k craRskisBbl By Wditbility to treat patients for a

period sufficient to have good to excellent regression or alleviation of the pathogenic
20  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 mice
by immunization with IL-18. Immunized mice are particularly useful for providing sources
of B cells for the manufacture of hybridomas, which in turn are cultured to produce large

25 quantities of anti-IL-18 monoclonal antibodies.

Chimeric antibodies are immunoglobulin molecules characterized by two or more
segments or portions derived from different animal species. Generally, the variable
region of the chimeric antibody is derived from a non-human mammalian antibody, such
as murine monoclonal antibody, and the immunoglobulin constant region is derived from

30 a human immunoglobulin molecule. Preferably, both regions and the combination have
low immunogenicity as routinely determined (Elliott et al., 1994). Humanized antibodies
are immunoglobulin molecules created by genetic engineering techniques in which the
murine constant regions are replaced with human counterparts while retaining the

murine antigen binding regions. The resulting mouse-human chimeric antibody



organi ¢ bases as those forned, for exanple, with am nes, such as
triethanolamne, arginine or lysine, piperidine, procaine and the I|ike.

Aci d addiwpe/os@bé s i ncl ude, for 10 exanple, salts w th mPe@rER02/ewhEs, such
as, for exanple, hydrochloric acid or sulfuric acid, and salts with

organi c acids, such as, for exanple, 39eti c acid or oxalic acid. O

course, any such salts nust retain thé'biological activity of OPN rel evant
to the present invention, i.e., exert a proliferative effect on
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20 The sequences of IL-18BP and its splice variants/isoforms can be taken from
WO 99/09063 or from Novick et al., 1999, as well as from Kim et al., 2000.

Functional derivatives of IL-18BP may be conjugated to polymers in order to
improve the properties of the protein, such as the stability, half-life, bioavailability,
tolerance by the human body, or immunogenicity. To achieve this goal, the functional

25  derivative may comprise at least one moiety attached to one or more functional groups,
which occur as one or more side chains on the amino acid residues. Such a functional
group may e.g. be Polyethlyenglycol (PEG). PEGylation may be carried out by known
methods, described in WO 92/13095, for example.

Therefore, in a preferred embodiment of the present invention, the inhibitors of

30 IL-18, and in particular the IL-18BP is PEGylated.

In a further preferred embodiment of the invention, the inhibitor of IL-18 is a
fused protein comprising all or part of an IL-18 binding protein, which is fused to all or
part of an immunoglobulin. The person skilled in the art will understand that the resulting
fusion protein retains the biological activity of IL-18BP, in particular the binding to IL-18.



5 European Patent Application EP O 974 600, for exanple. In yet a further
preferred enbodinent, the IL-18 antibody is fully human. The technol ogy
for produwpDrgomigsen anti bodies is described in detail e.gPCIEMNDESHFTE6310,
W99/ 53049, US 6, 162, 963 or AU5336100 Ful |y human anti bodi es are
preferably r econbi nant ant i bodi es, gduced in transgenic animals, e.g.
xenom ce, conprising all 10 or portla s of functional human Ig loci. In a
hi ghly preferred enbodi nent of the present invention, the inhibitor of
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i nvents omothérhlg dladsiedi itker igMobr 1gB0 fdrlextipleardsibn ppateihs crdyalbe hiv@oinkrAd 8BP i s

PEGyI| at e e ef er enbodi nent of the invention, the
i nhi bi to%%‘#aﬁﬁ fg{erg rh%?"ﬁ)?e%fnbe?ot ein conprising all or part of an IL-18
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protein retarn I"'ogi ca I Vi in par
bi ndi ng tiomuneEad mmnﬁﬁétf)@&éﬁﬁ)nﬁ’éﬁ AEEB2H0 B]EFB-B, 14 imteefefanstypnl ) iayaibéo di r ect
or Vi 2 a agyoéﬁ ar|1tf IR mngDr); rOee whi ch can be as short as | to 3
The invention therefore also relates to the use of a combination of an inhibitor of
IL-18 and an interferon in the manufacture of a medicament for the treatment of CNS
injury.
Interferons may also be conjugated to polymers in order to improve the stability
25 of the proteins. A conjugate between Interferon B and the polyol Polyethlyenglycol
(PEG) has been described in WO99/55377, for instance.
In another preferred embodiment of the invention, the interferon is Interferon-
(IFN-B), and more preferably [FN-8 1a.
The inhibitor of 1L-18 production and/or action is preferably used simultaneously,
30 sequentially, or separately with the interferon.
Tumor necrosis factor, has been described in the literature to have both
protective and toxic effects in brain injury (Shohami et al., 1999). In Example 1 below,
TNF injection into mice following severe brain trauma resulted in a significant decrease
of IL-18 levels in the brain, thus indicating that TNF may have a beneficial effect on the



amno acid residues in length or |onger, for exanple, 13 amno acid
residues in length. Said linker nay be a tripeptide of the sequence E-F-M
(4 u- Phe-Wbtop/09d4s¢ exanple, or a 13-am no acid |inker se®aEmPe2/ewnpri sing
A u-Phe-dy-Ala-dy-Leu-Val -Leu-Ay-Ay 5 G n-Phe-Met introduced between
the I L-18BP sequence and the inmunogl qgul in sequence. The resulting fusion
protein has inproved properties, such'as an extended residence tine in
body fluids (half-life), increased specific activity, increased expression
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proteins conprising BP an a portion of an i munogl obulin are
descri bedrisapagiggsee 11 of WO 99/09063, for exanple. Other isoforms of Ig

nol ecyl es ar e §es@nwihdtRR! & 1£-98 ikkI6ItIS MR AN BIpRS is EFé?ér?éH Wé&c%}d&ﬁce
according to the present invention, such as isoforns 1g& or 1g&4, or

other |g WihdggemsentipentigM or 1 gA, for exanple. Fusion proteins may be

nonomeri c or AW iRy | grefell Srfbodther OG0! ihidRiIbh C the me%fcfa%ﬁlr‘%rﬁéﬁ
predoni nantly known for inhibitory effects on viral replication and

cel 1 ul ar GoBIriseseraft | yHi-inflarpdaiosr Aeept, FBEh B&N é“s'ﬁpaﬁgo'&ﬂerioﬁ’ﬁbr%“&nt rol e

in pr Omtm%mbﬁw&@g@”% & BFéf&FE@érﬁEdﬁuﬁ&&P@@@@@lnhlbﬁéreéﬁ&ﬁi@:@t &ekidﬁNB an
interferon t@?@h@%’ I's said to an anti-inflamuatory role.” The

i nventd orC®R Ig|used F’eqoeﬁit&at‘% Wﬂthé“d% a8 &h'b&ob&%mqﬁ@ﬁ 25 kapwn

i nhi bi t orjnahe athé&mdoa(nz ir{hwﬁbfseér@rmsdlbsteben VRO Uf1282020 efoB fexampre dTRa MENt
for the treatnent of | nterferons al so be COI’lj ugated to

pol ymers ?%V%?%B?Oqeﬁtsi'ﬁﬁ\f%‘?/% nukangPsly, feq'ﬁ’t'ﬁ%” PheeRF i ns. A conj ugat e
bet ween Interdmane Retpaad, tlhepé)ﬂd:méﬂ r&ailveatdadyg@ﬂgdpﬁe@b (ROES) hdvas bbaen

descri bed,in. W) 377 r instance. ano rred j\ment of
e e 2 o s R P e PP R Shar By S 04
prefersably | Aerefbre, me@refehiadbiehmodmfent bf i pkeduon\remmra,rtdéomamﬁrietmn is
preferabl used sinultane . sequentia r _se te th the
htert or dHrhe ogrinee, PEGPEOTa o7 SR EohERs Seuerrdea” SRR T, Mot v o
have bot hentipxiddrés brevienosundn thexart; seét acvimmims Ar@ionkj a]mamlr(oswmhlmmcebr al .,

1999). ow, TNF injection into mce follow ng severe brain
trauma r}suléé"?)g@ :ar']sjmaﬁgl gni ficant decrease of IL-18 levels in the brain,

t hus i ndi cat ilmg furtzar preiprrecigmbadiment tfehe prasent inegntier.tthe inhibditer of IL-18 is
20 used in an amount of about 0.001 to 100 mg/kg of body weight, or about 0.01 to 10
mg/kg of body weight or about 0.1 to 3 mg/kg of body weight or about 1 to 2 mg/kg of

body weight.

In yet a further preferred embodiment, the inhibitor of IL-18 is used in an amount
of about 0.1 to 1000 ng/kg of body weight or 1 to 100 pg/kg of body weight or about 10

25  to 50 pg/kg of body weight.

The invention further relates to the use of a nucleic acid molecule comprising the
coding sequence of an IL-18 inhibitor, a mutein, functional derivative, or active fraction
thereof, in the preparation of a medicament for the prevention and/or treatment of CNS
injury.

30 Preferably, the nucleic acid molecule further comprises a sequence of an
expression vector, e.g. to use gene therapy for administering the 1L-18 inhibitor of the
invention.

Preferably, the nucleic acid molecule is administered intramuscularly.



WO 02/ 096456 PCT/ EPO2/ 05666 19 recovery of traumatic brain injury.
Therefore, a preferred enbodi nent of the invention relates to the use of
an i nhi biworo2e$e4bd_- 18 i n conbi nati on with TNF for the preparaPonoseed a
medi cament for treatnment and/or prevention of brain injury, for

si mul t aneous, sequential or separate yse 5 The conbi nation of IL-18
inhibitors wwth TNF al pha is preferrec? | n accordance wth the present
invention. In a further preferred enbodi ment of the invention, the

edi canent f urihigler 6 QB LGS 8 %“?Ns P RTEBYBRY (95 veckHSh iRl NSA D

(nonsteroi dal ant nf | referr
COX- i nhi bthe gequense mmblbéqrerfd 1 paodmtl@owior attioninay be rmeqwbdiracﬂy

conbi nat i t L, i phi r e art.
Speci fic I%%Xwg ?‘ﬁﬁé}’belhttes}ge a{rgg éc%élagr@ ose a{lm\i;\oeoal%%nfgéﬁv ?m@x ﬁ%lng@

active comsgnigtationnal deee ube@pyi vagioranksudilufionselq ﬁ@nﬁ’?@tpﬂsy,re%ﬁh'f@eém at eI y.

Oxi datg Veta?g‘ehﬁ?%fthé'ﬁar@éfée'll&HH?s%ué@%ﬁ& ¥ §0Q¥H&8s species (ROS), have been
described to play a role in the t hophysi ol ogy of brain damage (Shoham et

al ., 1997). IBemfEdroyastoriior '%P%m@feé\ﬂr%&nmr the ghdegenphepigpudien of

i nventi ongp MH@rtM'IE—ﬂB’%‘E ctem hbmedlly medr%&ﬁreééloﬁaf hoM L fmhibitdrobr which
S|nultaneous sequentla Sep arate use. anti oxi dants are known in

the art, SREEFSSS AMUALR A ”}ﬁ inbi thP’ whichy arg. nok %@%‘Wc?ﬁ glsg gogtemylated

super oxi d&:cdrdﬁ@baﬁé?mvérﬁhoﬁ féMPédﬂﬂénth@fo@ bfe@dntﬁiﬁbﬂ@N@iﬁ}ur@ﬁhb hecter @agnt
|nvent|on t he 1 nhibitor IJ c‘g §1 Si n anmount . of a%)out 0. 001
to 108 ngé%orﬁr rB%‘&WWe‘r"S‘Pi’P”"S pncy BB%t‘” g 'rscf’eftﬁe Ry PXRIeST the daR) 'Wélobht or
about 0. LLt1®. $uﬁ§/rbgulaﬁ)r}béébua‘\©¢sgbi eléfneﬂb;)h‘i“aylbet proawdr@ékcg éifhandeeslyfonei ght .
In yet a furt efelr{ ed _enbodi nent h g é % Hlé S Ieedin an
bount PRIk B BOEloR0 o EgRR e s Red B e iR boay
wei ght orgexomat bleomangws fE@ombingtia, tlin&dqpeﬁablglﬁhkmgl' tre regulemry esguentd her
relates to,the nuc ol ecul 1’ SI n di

Cequence G e 4%, dhe BeBSHS] or SR, BneBSH oTPERuBHE Pr WP B8 50 ot ve
fractison tecﬂr@rcayf is usmalyhesferexb &r as i“Bndagenausnéitine ahainatidnd (EGAE gordeiént i on
and/or trea (§r1=Tph o 8f %917(@)‘9 KEY. 30 Preferably, the nucleic acid nol ecule

further conprlses a sequence of an expreSS|on vect or, e. g. to use gene
t herapy for adhwﬂirbettmder@qdrm the pargon skilldyl indne aft thahé is also possible to shut

down IL-18 expression directly, without using an inhibitor of IL-18, with the same
technique. To do that, a negative regulation element, like e.g. a silencing element, may
20  be introduced into the gene locus of IL-18, thus leading to down-regulation or prevention
of IL-18 expression. The person skilled in the art will understand that such down-
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
25  modified to produce an inhibitor of IL-18 in the manufacture of a medicament for the
treatment and/or prevention of CNS injury.
The invention further relates to pharmaceutical compositions, particularly useful
for prevention and/or treatment of inflammatory CNS injury, which comprise a
therapeutically effective amount of an inhibitor of 1L-18 and/or a therapeutically effective
30 amount of an interferon and/or a pharmaceutically effective amount of TNF and/or a
pharmaceutically effective amount of an anti-inflammatory agent and/or a
pharmaceutically effective amount of an anti-oxidative agent.
As inhibitor of IL-18, the composition may comprise caspase-1 inhibitors,

antibodies against IL-18, antibodies against any of the IL-18 receptor subunits, inhibitors



invention. Preferably, the nucleic acid nolecule is adm nistered
intramuscul arly. WD 02/ 096456 PCT/ EP02/ 05666 20 In order to treat and/or
prevent ONB o2ipasss/, t he gene therapy vector conprising tReTEPqUETH6E of an
i nhibitor of 1L-18 production and/or action may be injected directly into
t he di seased tissue, for exanple, thug avoi di ng probl ens involved in
systemi ¢ admnistration of gene ther 5y vectors, like dilution of the
vectors, reaching and 5 targeting of the target cells or tissues, and of
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endogenous product an“inhipbitor of IL-18 in a cell normally silent
for expr dBejlbri8ofecantor.Land IL18i Bindiag , prefeinghiisaformsy prideiass fusad unelsings t he

i nhi bi t ors WhioRE dehiGatel, siald radtRRs or BfBIAY PereRale MBS tafePhslimp to the
invention for treatnment and/or prevention of CNS injury. The vector may 10

conpri se thegamaestivityel enents functional in the cells desired to express the

i nhi big or or || l48BP. andUtlisbREHS, 3hREMs SREGE PRRsing) fuikiBR® HefivdlRys, RRtiwg oot er s
or enhancers, for  exanple. The requlatory sequence nma be i ntroduced

) y then )
i nto the fFaYpRs Pradgalady Permutated ARivativep assiesried ooV eEibe RS s actius
oper ably jhgrallieR8 of iR prRenbeduley copgosisie. W th the gene, the expression of
which is required to_be induce anced., The 15 technal sual |y

,Or._en , [
referred to asTheEﬁ%@Eﬂ‘i‘oﬁ%m@@ﬁg indhe QERMEReUticRIIMPaghign's pfeg%ﬁ%j'é’gi bed
e.g. in Wtdd/BBO4pha.lt will be understood by the person skilled in the art

that it is also possible to shut 0 L- 18 expression di.rectly,. without
usi ng'%n i nhi aﬂtygﬁa'&ﬂ*“%r@fﬂ_fgtfe T’Rmﬁrﬁ'\é\ﬁ%g}‘?eojhaf@%‘%ﬁs&%épm%s'tbo@ Ctoﬂﬁ’t”,sesa

negati ve thegpeaticalbn effeetiv@ntamoluniseok TINF alghial €Tiel phamhaesetidal csapofifiorbe

i ntroduced_into .the gene. | ocu &)ﬂ‘ | L-18,  thus Ieacg th .down-regul ati on or
pr event i iR tp e Maiion SV her sampEs o APPSO BESA t wi I

under st and t harhes definittbownf “phagubedutically oaccsptablet iisignesnt Ith -eh8oraraaseasy on has
t he sane effect. . S | Lez inhibj tQr i raer r t
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t hat tfas ibgrediegeanst thahlsl ot t@bc tooibie fhioetdtotvahigh i iluadmiaistererhiFor examplé, for- 18 i n

t he manuf . I : : t | i of CNS
iy ury. Tl B Bm BT I Ak SfodiE) me B BB S bR iRt
parti cul der iniassed in velides puchvamsalion, dexoee selptien, erim @ibumit arthiRigers CNS
injury, wyeidnconprise a therapeutically effective amount of an inhibitor

of IL-18 and/or a therapeutically effective . .
The active ingredients of "the pharmaceutical composition according to the

20 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),
intramuscular, intraperitoneal, intravenous, subcutaneous, oral, intracranial, epidural,
rectal, topical, and intranasal routes. Any other therapeutically efficacious route of
administration can be used, for example absorption through epithelial or endothelial

25 tissues or by gene therapy wherein a DNA molecule encoding the active agent is
administered to the patient (e.g. via a vector), which causes the active agent to be
expressed and secreted in vivo. In addition, the protein(s) according to the invention can
be administered together with other components of biologically active agents such as
pharmaceutically acceptable surfactants, excipients, carriers, diluents and vehicles.

30 For parenteral (e.g. intravenous, subcutaneous, intramuscular) administration,
the active protein(s) can be formulated as a solution, suspension, emulsion or
lyophilized powder in association with a pharmaceutically acceptable parenteral vehicle

(e.g. water, saline, dextrose solution) and additives that maintain isotonicity (e.g.



30 amount of an interferon and/or a pharmaceutically effective amount of
TNF and/or a pharmaceutically effective anmount of an anti-inflammatory
agent andworozadesphar maceutically effective anount of an amCITAPRY/EE66 ve
agent. As inhibitor of IL-18, the conposition may conprise caspase-1
inhibitors, antibodies against |IL-18,,antibodi es against any of the IL-18
receptor subunits, inhibitors WO 02/ 088456 PCT/ EP02/ 05666 21 of the IL-18
signal i ng pat hway, antagonists of |L-18 which conpete with IL-18 and bl ock
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active i ent and tha . tQxic to

2 ribst dhe aliedd copdtiorppene ppfen Jrefibiabdie Gttt o vedd artrte °

pr ot ei n(sléverlraﬁ/er{niegélwuml.asedtrmtm a unl t dosage form for injection in

vehi cl e ch trose t.ian el I d '

soluti on. - The AcreaeiEanegiedioe Sabtph s Sl REL AR MGl 2R ©

accor di ngnhibitdr lresultg h |nmb&|mh|or5rtheclanlogrealaai:|twrty| oftlerl8dThedesagerediministam®d, i n a

vari ety ol S or hfplb AEES 1Phn iBRFHLAL i rgry'o%g?mﬁg;e é%rregﬂ&rfgabrs

ease OI‘ mu ranmusc
| nt r ader iincuding JL-18 inhibitenphesmasekinalic pnesutiss, theatouts oft adaenigination, p@imnblur al,

rectal . ' @Rfighs aft charfERNBS Rox QUL By WEMNORER, D) BREMLr Sinbibms,

efflcaC|ous ro mnis ratlonc or exanpl e absorption
t hr ough ecmnt:mreqzritérreatmerémdrﬁqmmyaw tpamtmpaisanssthgrefigpt desired: AdipgipenihAlRS ei n a

DNA ol ecylg Lﬂgmdaf Vé}bh@nei‘lcéds‘é&e RAIRRS oS weRWthiR 1B ebmg dr@hd<Beskmal ient
(e.g. via a ec or causes the active agent to
the art, as weI as in vitro and in vivo methods of determining the |nh|b|t|on of IL-18 in an
20  individual.
According to the invention, the inhibitor of IL-18 is used in an amount of about
0.0001 to 100 mg/kg or about 0.01 to 10 mg/kg or body weight, or about 0.1 to 5 mg/kg
of body weight or about 1 to 3 mg/kg of body weight or about 1 to 2 mg/kg of body
weight. Alternatively, the 1L-18 inhibitors may be administered in amounts of about 0.1 to
25 1000 ug/kg of body weight or about 1 to 100 ng/kg of body weight or about 10 to 50
ng/kg of body weight
The route of administration, which is preferred according to the invention is
administration by subcutaneous route. Intramuscular administration is further preferred
according to the invention. In order to administer the 1L-18 inhibitor directly to the place
30 of its action, it is also preferred to administer it via the intracranial or intrathecal route.
The intracranial route is especially preferred in combination with open head injury
(missile injury of the brain).
In further preferred embodiments, the inhibitor of 1L-18 is administered daily or

every other day.



expressed and secreted in vivo. In addition, the protein(s) according to
the invention can be adm nistered together with ot her conponents of

bi ol ogi caWwby2mgtsseve agents such as pharnaceuti cal |y accepCalipe2/05666
surfactants, excipients, carriers, diluents and vehicles. 30 For parenteral
(e.g. intravenous, subcutaneous, intrgguscular) adm nistration, the active
protein(s) can be formul ated as a sol suspensi on, enuIS|on or

| yophili zed powder in association with a pharmaceutically acceptable
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wei ght. Alter n'Ehel ipegnjion fikrther relatgs fnaintathest of traaimert of GNShindins rceaprigingmount s
of absyit LhrdinksRring a pharmaceutically effective amount of an 1L-18 inhibitor to a patient in

need thereof.

All references cited herein, including journal articles or abstracts, published or
unpublished U.S. or foreign patent application, issued U.S. or foreign patents or any other
25  references, are entirely incorporated by reference herein, including all data, tables, figures
and text presented in the cited references. Additionally, the entire contents of the
references cited within the references cited herein are also entirely incorporated by
reference.
Reference to known method steps, conventional methods steps, known methods
30  or conventional methods is not any way an admission that any aspect, description or
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



25 1000 g/ kg of body weight or about 1 to 100 g/ kg of body wei ght or about
10 to 50 g/kg of body weight The route of adm nistration, which is

pref erredwamens@dshg to the invention is adm nistration bPCIEPOLOITIEOUS
route. Intramuscular adm nistration is further preferred according to the
invention. In order to admnister the_|L-18 inhibitor directly to the place
30 of its action, it is also preferre&"'to admnister it via the
intracranial or intrathecal route. The intracranial route is especially
preferre . .SS). Le [niury he
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t herapeutically effective anmount, in particular with an interferon and/or a
TNF and/or 10 another anti -i nflarmato ent, such as a COX inhibijtor
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et al., 1999 tive. age
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conpositions. 15 The invention further relates to a nethod for the
preparation of a pharmaceuti cal conp%@%conpri si ng adm xi ng an
effective amount of an IL-18 inhibito an interferon and/or a TNF
ant agtmi st andVisteriais 8aXMettoidbi t or with a pharnmaceutically acceptable
carrier. The iﬂgg}p}tlﬂg}gj urther relates to a nethod of treatment of CNS

i njury, conprising ®adni ni steri ng a pharnmaceutically effective anount of
an | L-18 i nhi bTheomiceousedpaithie studyrweraesdes bieagen8-16 weeks weighing 30-35 g.

They were bred in a specific pathogen-free environment, kept under standard conditions

of temperature and light in cages of 4-6 animals, and fed with food and water ad libitum.
20  The study was performed according to the guidelines of the Institutional Animal Care
Committee of the Hebrew University of Jerusalem, Israel. Experimental CHI was
performed using the weight-drop device previously developed (Chen et al. 1996). Briefly,
after induction of ether anesthesia, a midline longitudinal incision was performed, the
skin was retracted and the skull exposed. The left anterior frontal area was identified
25 and a tipped teflon cone was placed ~tmm lateral to the midline, in the mid-coronal
plane. The head was fixed and a 75 g weight was dropped on the cone from a height of
18 cm, resulting in a focal injury to the left hemisphere. After trauma, the mice received
supporting oxygenation with 100% O, for no longer than 2 min, and were then brought
back to their cages.
30
Assessment of IL-18 levels in mouse brains
For quantification of intracranial I1L-18 levels, mice of the C57BL/6 (B6) strain
(total n=62) were assigned to six distinct groups: (1) "normal controls”; untreated B6

mice (n=10). (2) "ether anesthesia”; mice were anesthetized with ether for 10 minutes
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min and then centrifuged for 15 min at 3,000 g and 4°C. The supernatants were

20 aliquoted and stored at —70°C until analysis. The concentrations of total protein in the
brain extracts were measured by Bradford assay (Bio Rad Laboratories, Munich,
Germany) and found to be very constant in all mice assessed (12.1 £ 2.1 mg/ml; mean *
SD). Quantification of intracerebral cytokine levels was performed by ELISA specific for
murine IL-18, according to the manufacturer’s instructions (R&D Systems, Abingdon,

25  UK). The sensitivity of the assay was 5 pg/ml. For comparison of the intracerebral IL-18
levels between the different animal groups, all concentrations below the detection limit of
5 pg/ml were assigned a value of 4.9 pg/ml. The samples were run undiluted in duplicate
wells and the final concentration was calculated from the mean OD of duplicate
samples. The OD was determined by spectrophotometer (Dynatech Laboratories Inc.,

30 Chantilly, VA) at an extinction wavelength of 405 nm.

IL-18BP treatment protocol
Male Sabra mice of the Hebrew University strain (n=40) were used for the IL-

18BP studies. Anesthesia and experimental CHI were performed as described above.
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(n=10). (6) "nmock injection"; these animals were injected i.c.v. wth

vehicle only (10 | 10 sterile PBS) and sacrificed after 24h (n=6), as a

control group Ev@ldah@n bFNFedmbggémﬁpalmnmal s I n all mce, the brains were
i mredi ately r after frozen in liq d nltcéggen and
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shak% Oméaﬁﬁy Lfﬁﬁju%ﬂ mice. The NSS at 1 hour after trauma reflects the initial severity of
injury and is highly correlated with clinical outcome (Beni-Adani et al. 2001). Evaluation
of task performance was performed by two investigators who were blinded about the
study groups at the time-points 1h, 24h, 72h, and 7 days after experimental CHI. The
ANSS, calculated as the difference between NSS at t=1h and the NSS at any later time-
25 point, is a parameter which reflects the degree of spontaneous recovery following brain
injury, as described earlier (Chen et al. 1996).

Table 4: Neurological Severity Score (NSS) for head-injured mice. \

Task Description Points fi
success/l
Exit circle Ability and initiative to exit a circle of 30 cm diameter witt 0/1
Mono- / Hemiparesis Paresis of upper and/or lower limb of the contralateral sid 0/1
Straight walk Alertness, initiative, and motor ability to walk straight. 0/1
Startle reflex Innate reflex; the mouse will bounce in response to a lol 0/1

Seeking behavior  Physiological behavior as a sign of “interest’ in fl 0/1
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Brain injury patients

15 Ten patients with isolated severe CHI (mean age + SD: 37 + 10 years; range 24-
57 years; 9 males and one female), admitied to the Trauma Division of the University
Hospital Zurich, were included in this study. All patients had a Glasgow Coma Scale
(GCS) score < 8 after cardiopulmonary resuscitation (Teasdale and Jennett, 1974).
Following CT scan evaluation, all patients received intraventricular catheters for

20  therapeutic CSF drainage when the intracranial pressure (ICP) exceeded 15 mmHg. No
patient was treated with steroids. Patients with multiple injuries requiring interventions
for concomitant thoracic, abdominal, pelvic, spinal injuries, or long bone fractures were
excluded from the study. The individual outcome was assessed using the Glasgow
Outcome Scale (GOS) (Jennett and Bond, 1975). The protocol for CSF and serum

25  collection was approved by the Ethics Board Committee of the University Hospital,
Zurich.
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Data Analysis
20 Statistical analysis of the data was performed on commercially available software
(SPSS 9.0 for Windows™). The non-parametric Mann-Whitney-U test was used for
analysis of data which were not normally distributed, such as the neurological scores
(NSS and ANSS). The unpaired Student's t-test was used for comparison of
intracerebral IL-18 concentrations in the different mouse groups and for analysis of
25 differences in brain water content in the IL-18BP-treated vs. vehicle-injected mice. The
comparison of human IL-18 levels, either in daily CSF vs. matched serum samples in
CHI patients, or in trauma vs. control CSF, were determined using the general linear
model for repeated measures ANOVA. A p-value < 0.05 was considered to be
statistically significant.
30
Results
EXAMPLE 1: Intracerebral IL-18 levels in mice
As shown in Figure 1, IL-18 was detectable by ELISA in brain homogenates of

untreated ("normal”) control mice of the B6 strain (7=10), with a mean level of 27.7 + 1.7



10 tissue slices were weighed and dried for 24h at 95C. After weighing the
"dried" sections, the percentage of brain water content was cal cul ated as:
%120 = [ (Wwotozedsght - dry weight) x 100] / wet weight. BP&ITEPONPISs
patients 15 Ten patients with isolated severe CH (nean age SD: 37 10
years; range 24- 57 years; 9 males an% one female), admtted to the Trauma
Division of the University Hospital ari ch, were included in this study.
Al'l patients had a d asgow Coma Scale (GCS) score <_ 8 after
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of the |L-18 QG8Frdeviel assess the role of TNF, a crucial mediator of inflammation in this

trauma model (Shohami et al. 1999), with regard to the regulation of intracerebral iL-18

20 levels, an additional group of B6 mice (n=10) were injected i.c.v. with 200 ng murine
recombinant TNF in 10 wl sterile PBS and sacrificed after 24h. As shown in Fig. 1,
"mock” injection with vehicle only (n=6) resulted in a significant up-regulation of
intracerebral IL-18 within 24h, as compared to untreated normal B6 mice (53.6 + 3.9 vs.
27.7 + 1.7 ng/ml; p<0.001).

25 The injection of TNF induced a significant attenuation of IL-18 levels in the
intracranial compartment within 24h (22.1 + 6.9 ng/ml; n=10), as compared to the
“mock”-injected control group 24h (53.6 + 3.9 ng/ml; p<0.001). The IL-18 levels in the
“TNF group” were even lower than in untreated normal mice (27.7 + 1.7 ng/ml), although
in this case the difference was not statistically significant (p=0.45).

30



between CH patients and controls, all concentrations bel ow the detection
limt of 5 pg/mM were assigned a value of 4.9 pg/m. Data Analysis 20
Statisticaboaigd4ysi s of the data was performed on commer ciPaTIBPOAOI®HG abl e
software (SPSS 9.0 for WndowsTM. The non-paranetric Mann-\Witney-U test
was used for analysis of data which re not normally distributed, such as
the neurol ogical scores (NSS and ANSS). The unpaired Student's t-test was
used for conparison of intracerebral IL-18 concentrations in the different
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calculated. A higher value of ANSS reflects greater recovery and a zero or negative

ANSS reflects no recovery or worsening. Fig 3 depicts the ANSS values of the two

groups. At two time points, both at 24h and at 7d the difference between the average

20  ANSS values reached significance.

Another experiment was carried out to investigate whether treatment with IL-
18BP, given at 3 days post injury can be effective. The issue of timing of treatment is
critical, and so far therapy was shown to be effective when given beyond a few hours.

25  Since it had been found that IL-18 itself rises at 7d post-trauma, and treatment with IL-
18BP given at 1h post-trauma led to greatest effect also at day 7, it was decided now to
treat the mice at day 3 post injury. For comparison, another group was treated at 1 h
and at 3d with IL-18BP. The control group was treated with the solvent (vehicle) only.

The resuits of this experiment are depicted in Fig. 4, from which it is clear that a

30 single treatment given at day 3 is as effective as that given one hour after CHI and again

at 3 days.
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9 37/m 3 4 37 [23-75]  57.3  [25-98]
10 41/m 7 5 49  [49-169] 262  [15-38]

Control CSF (n=5) 49 [4.97.8]

aCHI closed head injury
®GCS, Glasgow Coma Score (Teasdale and Jennett, 1974).
°GOS = Glasgow Outcome Score at 3 months after injury; 5 = asymptomatic, 4 =
15 moderate disability, 3 = severe disability, 2 = persistant vegetative state, 1 = death
SJennett and Bond, 1975).
CSF = cerebrospinal fluid.
°1L-18 levels below the detection limit of 5 pg/ml were assigned a value of 4.9 pg/ml.

20 As shown in Table 5, the intrathecal IL-18 levels were significantly elevated in
9/10 CHI patients, as compared to control CSF from 5 patients without trauma or
inflammatory neurological disease (p<0.05; repeated measures ANOVA). Only one

patient (#10) had 1L-18 CSF levels, which were not significantly elevated as compared to
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Tanaka, T5 @KU acdirdifPRIUNRMIE, wRerdikBBIENS infdry is spinal cord injury.
15
6. The use according to any of the preceding claims, wherein the CNS injury is of

vascular origin.

7. The use according to any of claims 1 to 6, wherein the inhibitor of 1L-18 is selected
20 from caspase-1 (ICE) inhibitors, antibodies against IL-18, antibodies against any of
the IL-18 receptor subunits, inhibitors of the IL-18 signaling pathway, antagonists .of
IL-18 which compete with IL-18 and block the IL-18 receptor, and IL-18 binding
proteins, isoforms, muteins, fused proteins, functional derivatives, active fractions or
circularly permutated derivatives, or salts thereof.
25
8. " The use according to claim 7, wherein the inhibitor of 1L-18 is an IL-18 antibody.

9. The use according to claim 8, wherein the IL-18 antibody is a humanized IL-18
antibody.
30
10. The use according to claim 8 or 9, wherein the IL-18 antibody is a human IL-18
antibody.
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PCT/ EPO2/ 05666 36 CLAIMS 1. Use of an IL-18 inhibitor for the manufacture
of a nediweareftesbeor treatnent and/ or prevention of centr CTAPOVOIIS6 SYySt em
(CNS) injury. 5 2. Use of an IL-18 inhibitor for the manufacture of a

medi cament for treatnent and/ol - prevg?ti on of conplications and |late
effects of CNS injury. 3. The use according to claiml1 or 2, wherein the
CNS injury is traumatic brain injury. 10 4. The use according to clai many

of the precedengsethaiofing W elfh Y, WHer&ifVehd mh'r'r]lfi%r iof 1L-¢8 958 1D98%iddihg'r Y- S
The use accorgl_ng toc a?m_ 1 or 2, V\A%_EI’EI n the CNS Injury is spinal” cord
injury. 15p®teimhy a salt.acispigrmgatoutainy fused mheteipr &mestionsd derivatives  adiikrer ei n

the ONS inj ghitioh%r @hrculdSferthatatddl dediVative therdbfe Use according to any of
claine 1 to 6, wherein the inhibitor of IL-18 is selected 20 from

caspase-1 (I CE) inhibitors, antibodies against IL-18, antibodi es agai nst
any ofs t{1e e dst LBERBHE oS Bi bRimd icbi{ Ofierdin tHeeinhlbitdSof 1190@ 14 Ng

pat hway, antagonjsts of IL-18 which conpete with I1L-18 and bl ock the IL-18
receptor, afAlCIVIeiel YioRGioRGOrHFitSSei ns, i soforns, nuteins, fused proteins,
functional derivatives, active fractions or <circularly pernutated
derivatives,_or salts thereof. %5_ 8._. ' The use accaording to claim?7, wherein
t he i nhi bl% ofhedfse|aceargingdo 4aY Pl C1aisne; 1@0&’5?@‘. th‘?ﬁ'éseﬁstgm&@cﬁ?m IAE® &b claim
8, wherein idauhdgicbBlim(ly) fasidy. i s a humani zed 1L-18 antibody. 30 10. The
use according to claim8 or 9, wherein the IL-18 antibody is a human IL-18
ant i b@dy. WO 02/ 096456 PCT/ EP02/ 05666 37 11. The use according to claim?7,
wher ei n the Thehudd totordihg | tb-dr§ of claind IZ- th81%i whérmel 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.

15  15. The use according to claim 14, wherein the moiety is a polyethylene glycol (PEG)

moiety.

16. The use according to any of the preceding claims, wherein the medicament further
comprises an interferon, for simultaneous, sequential or separate use.
20

17. The use according to claim 15, wherein the interferon is interferon-a or interferon-g.
18. The use according to any of the preceding claims, wherein the medicament further
comprises Tumor Necrosis Factor (TNF), for simultaneous, sequential or separate

25 use.

19. The use according to claim 18, wherein the TNF is TNF alpha.

20. The use according to any of the preceding claims, wherein the medicament further
30 comprises an anti-inflammatory agent, for simultaneous, sequential or separate use.

21. The use according to claim 20, wherein the anti-inflammatory agent is a COX-
inhibitor, in particular a COX-2 inhibitor.



protein, or a salt, an isoform a nutein, fused protein, functional
derivative, active fraction or circularly pernutated derivative thereof. 5
12. The uwwo ave@sdi ng to any of clainms 7 to 11, wherein tRETIEPA2/H6b©r oOf
IL-18 is glycosylated at one or nore sites. 13. The use according to any
of claims 7 to 12, wherein the fused %?Ot ein conprises an imunoglobulin
(lg) fusion. 10 14. The use according o any of clains 7 to 13, wherein the
functional derivative conprises at |east one noiety attached to one or
nore fun |, Qr i r he

i o aci 2l rag ek BRing 0!y of MREbleaRin B WIBICh e Mo FAficR 1l e

moi ety is aCpBPYEesiaplaaHexidany.den S'WF’!EQGOUWGU@"'“atL@’ sepa@ta use. accor di ng to any
of the preceding clains, wherein the nedi canent further conprises an
interferon, for si rrultaneous sequential or separate use. 20 17. The use
accor di ng? ol hel usenacesTdingnieraswyref i Pieseding slaips. iwhersip diq ahigitar-pfdk-18 is

i nt er fser on- @sed h&n AUk D€ 256U T0D11E 1DO Ny Qﬁcbddagfvéi)g'rﬁ(?&%bﬁgt GbRidTHe
wherein thegnm; i canent further conprises sis Factor (TNF), for

si mul t aneou8'9/KgRf RadY weight pr aleut Ok fo S pg/ ‘@s‘g boﬁéwe*ﬂ%%%@“é&é%?di‘g{bg

claim 18, wbes®iywdige. TNF i s TNF al pha. 20. The use according to any of t he
precedi ng cl ai s, erein the nmedi canent further 30 conprises an
anti-inflammtory agent, for simultaneous, sequential or separate use. 21.

The use apcoMd ik hecoedind 10 Ay oMiRS BidReding oilithé,- WidrbianmBLIDA Y idgsitr i$ S a
COX- jnhibitor, .in particular a COX-2 inhibitor. WO 02/ 096456

PCT/ EF02/ 058%’@'”'%%?”“\" eq4®-according to any of the precedi ng clains,
wherein the rredi cament furt her conprises an antioxidant, for sinultaneous,
sequent i ar ate.us use .acc rdl n f.t.he precedi ng
SPAvetl 2o o SERRBLEANES, oF or TR pHRS 5 Ak b n Y S S,

0. 001 to l06edmipsteyedBailyody wei ght, or about 0.01 to 10 ny/kg of body

wei ght or about 0.1 to 5 ng/ kg of body weight or about | to 3 ng/kg of
body wei ght. 24. The use according to any of the preceding clains, wherein
t he 115 1826. niiebigseoacdosding to any of the preceding claims, wherein the IL-18 inhibitor is

administered every other day.

27. Use of a nucleic acid molecule comprising the coding sequence of an inhibitor of IL-
18 in the manufacture of a medicament for the treatment and/or prevention CNS

20 injury.

28. The use according to claim 27, wherein the nucleic acid molecule further comprises

the sequence of an expression vector.

25 29. The use according to claim 27 or 28, wherein the nucleic acid molecule is

administered intramuscularly.

30. Use of a vector for inducing and/or enhancing the endogenous production of an
inhibitor of IL-18 in a cell in the manufacture of a medicament for the treatment
30 and/or prevention of CNS injury.

31. 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 CNS injury.



10 adm ni stered subcut aneously. 25. The use according to any of the
preceding clainms, wherein the IL-18 inhibitor is admnistered daily. 15
26. The uwe taoe@sei ng to any of the preceding clainms, whePerEPrhesehd - 18
inhibitor is admnistered every other day. 27. Use of a nucleic acid

nol ecul e conprising the coding sequengg of an inhibitor of IL- 18 in the
manuf acture of a nedi canent for the treatnent and/or prevention CNS 20
injury. 28. The use according to claim 27, wherein the nucleic acid

nol ecul e furiéRed 6pﬁ@éth§ﬁtsand/&qormwsmﬁcﬂé .ﬁ,uryeaa@a&@mbcaanm&ém o2 29.
The use according to claim27 wherein the nucleic acid S%ecule i's
adni ni st er e8e1SAP ?%’Fﬁfgém%?f%}‘ f%""’elﬁ@b@f‘g é”\?éﬁtt‘?ftanﬂﬂ'ﬂfsi'qﬁ‘m}ﬂ ng and/ or
enhanci ng the endogenous production of an inhibitor of IL-18 in a cell in
t he manufacture of a nedicanent for the treatnent 30 and/or prevention of
CNS injury. 31. Use of a cell that has been genetically nodified to produce
an inhibitor of 1L-18 in the manufacture of a nedicanment for the treatnent
and/ or prevention of CNS injury. WO 02/096456 PCT/ EP02/ 05666 39 32. Met hod
of treatnent and/or prevention of CNS injury conprising admnistering to a
person in need thereof an effective inhibiting amunt of an IL-18

i nhi bitor.



