USE OF IL-18 IHIBITORS FOR TREATING OR PREVENTING CNS INJURIES FIELD OF THE
INVENTION The present invention is in the field of pathological conditions of the brain. More 5
specifically, it relates to the use of an inhibitor of IL-18 for the treatment and/or prevention of central
nervous system (CNS) injury, in particular traumatic brain injury. BACKGROUND OF THE INVENTION
In 1989, an endotoxin-induced serum activity that induced interferon-y (IFN-y) 10 obtained from
mouse spleen cells was described (Nakamura et al., 1989). This serum activity functioned not as a
direct inducer of W¥-ybutiiather atsaastirod axEoaaibesr Wikkiindrendniagenssuii@dtempt to purify
the activity from post-endotoxin mouse serum revealed an apparently homogeneous 50-55 kDa
protein. Since other cytokines can act as co-stimulants for IFN-y production, the failure of neutralizing

antibodies to IL-1, IL-4, 15 IL-5, IL-6, or TWE‘R)%F“@IEWE@?HW activity suggested it was a distinct
factor. In 1995, the same scientists demonstrated that the endotoxin-induced co-stimulant for IFN-y

production was préSeriresextiavestimilis e feldict Rrbeidirabreeriirpsref ienrgitolersura et al.,
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pocomes (T oA RS o Tt B A S B creukin 15

(IL-18), was purified to homogeneity from 1,200 grams of P. acnes-treated mouse livers. Degenerate
oligonucleotides derived from amino EACRSREUSES OF AWEIeMENTIOMere used to clone a murine
IL-18 cDNA. IL-18|is ?‘% 8:319 k%%tBLPntﬁ",i.'a of 537 a&p{ino “(/;l'{dsfh\évh;cguhg nrg %Probyiowigilarities to
any peptide in the Jatab3s8C. ﬁﬁ‘essenger KRR 28" m%eﬂeu in-1o0E %)ya e'1e" dily
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endotoxin-induced. serum activity, IL-18 does ngt induce IFN-y by itself, but functions primarily as a 30
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combined With bl 2|1 &%W&%%%@d&l\,'1¥&¥9ﬂ¢8tméhﬂ%'ﬁ%%%ib%‘d?és’ IRy, g-After the
murine form was cloned, the human cDNA sequence for IL-18 was
15 IL-5, IL-6, or TNF to neutralize the serum activity suggested it was a distinct factor. In

1995, the same scientists demonstrated that the endotfoxin-induced co-stimulant for
IFN-y production was present in extracts of livers from mice preconditioned with P.
acnes (Okamura et al.,, 1995). In this model, the hepatic macrophage population
(Kupffer cells) expand and in these mice, a low dose of bacterial lipopolysaccharide

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 IL-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 IL-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).



reported in 1996 (Ushio et al., 1996). By cloning IL-18 from affected tissues and studying IL-18 gene
expression, a close association of this cytokine with an autoimmune disease was found. The non- 5
obese diabetic (NOD) mouse spontaneously develops autoimmune insulitis and diabetes, which can
be accelerated and synchronized by a single injection of cyclophosphamide. IL-18 mMRNA was
demonstrated by reverse transcriptase PCR in NOP mouse pancreas during early stages of insulitis.
Levels of IL-18 mRNA increased rapidly after cyclophosphamide treatment and preceded a rise in
IFN-y mRNA, and 10 subsequently diabetes. Interestingly, these kinetics mimic that of IL-12-p40
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protein havifgabiaBgaEinigsfended 8bas/BepROSAIRRALIONN IL-18 gene expression while
15  macrophages from Balb/c mice treated in parallel did not. Therefore, IL-18 expression is
abnormally regulated in autoimmune NOD mice and closely associated with diabetes
development (Rothe et al., 1997).
iL-18 plays a potential role in immunoregulation or in inflammation by
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-18 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).



human urine, and the human and mouse cDNAs were described (Novick et al., 1999; WO 99/09063).
The protein has been designated IL-18 binding protein (IL-188P). IL-18BP is not the extracellular
domain of one of the known IL18 receptors, but a 5 secreted, naturally circulating protein. It belongs to
a novel family of secreted proteins. The family further includes several Poxvirus-encoded proteins
which have a high homology to IL-18BP (Novick atal., 1999). IL-18BP is constitutively expressed in
the spleen, belongs to the immunoglobulin superfamily, and has limited homology to the IL-1 type I

receptor. Its gene was localized on human hromosome 13, and no exon 10 codin {or a
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biological activities (K|m tal., Human IL 15 18BP isoform a (IL-18BPa) exhibited the greatest
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Molecular mode I|n identified a large mixed electrostatic and hydrophobic binding site in the Ig
domairl b 11598 Orz%%%ﬁ%man&c%%ﬂw@ﬁsfwaﬂ 'Qfﬁﬁll%/%h‘?o%’@ctﬁ%é‘%i’g’é’ﬁae(mv%al 2000).
Traumatic bea.jrj@e9)(TBI), also simply called head injury, or closed head injury (CHI), refers to an
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the head. It mostly happens during car or bicycle 30 accidents, but mayalso occur as sult of

near drowniftd fRUE RryRROLE SRENAE" ﬁﬁ'f’é%ﬁ&ﬁshal’ﬁ@??ﬁee@'i‘?éﬁﬁﬁaﬁé’ﬂl%‘i’n A @ﬁ%ﬁﬁﬂ’ usually
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slow off-rate, and a dissociation constant (K(d)) of 399 pM. IL-18BPc shares the Ig
domain of IL-18BPa except for the 29 C-terminal amino acids; the K(d) of IL-18BPc is
10-fold less (2.94 nM). Nevertheless, 1L-18BPa and IL-18BPc neutralize 1L-18 >95% at a
molar excess of two. IL-18BPb and IL-18BPd isoforms lack a complete Ig domain and

20 lack the ability to bind or neutralize IL-18. Murine IL-18BPc and IL-18BPd isoforms,
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”.



accident or a fall. In this case, the skull hits a stationary object and the brain, which is inside the skull,
turns and twists on its axis (the brain stem), causing localized or widespread damage. Also, the brain,
a soft mass surrounded by fluid that allows it to 5 "float,” may rebound against the skull resulting in
further damage. There may be a period of unconsciousness immediately following the trauma, which
may last minutes, weeks or months. Due to the twisting and rebounding, the traumatically brain
injured patient usually receives damage or bruising to many parts of the brain. This is called diffuse
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injury" may occur with no loss of consciousness and possibly onl}/ a dazed feeling or confused state
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without comecnagagxperience symptoms and impairments similar to those suffered by the survivor of

a coma injury. 30 By, éf?]t&a‘ﬂ&g‘é%ﬁ&ﬂs%ﬁﬂ@%ﬁw@%ﬁ”ﬁh}ﬂr#hﬁngfrﬂiﬂaé’mécgt%%rFﬁB& {;]'toring to

prevent further damage. The brain's Size frequently increases after a severe hea is is called
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15 injuries occur as a result of shearing and tensile strains of neuronal processes produced
by rotational movements of the brain within the skull. There may be small heamorrhagic
lesions or diffuse damage to axons, which can only be detected microscopically.

Secondary brain damage occurs 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



brain edema. Both brain swelling and brain edema result in excessive pressure in the brain called
intracranial pressure ("ICP"). Coma is the prolonged period of unconsciousness immediately following
the traumatic head injury. 5 There are several levels of coma. Coma levels can be measured by the
progression of responsiveness of the head injured person. In the acute phase of head injury the
"Glasgow Coma Scale" is used. As the patient impréves or stabilizes, the "Rancho Los Amigos Scale"
is used which measures levels of cognitive (understanding and reasoning) thinking. 10 Brain injury
frequently results in persisting, debility, TUCh as post-traumatic epilepsy, gersistent vegetative state, or

post-traumati@ 9eTHEMRa. BHnRAR ARl 704 R PARTRR JEERI SN HKF S B RIFESYEFifiUNEs account
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heamorrhagli¥é s SIaPEdcomdarr s magsainieh i Baiemidmpryes atcRiliFardien, infection
and oedemdRaatbetfestamigosr8etah &geskat wiieh aseandergaveds dd soemiting @nterstradlieg 25
degeneratio%(afrgggaﬂgﬁsitﬂﬁ.]rlgﬁgf_ibers, post-traumatic syringomelyia, and systemic effects of
paraplegia, such as urinary tract'and chest infections, pressure sores and muscle wasting. The
patholdfy of traumBERNLABIHYhjTRATSHE:y e8RS AN otRRItinReiosd. eekEaHPREforts in the
past decadespitaesyigbtigstied veystatiostatitapte pbsBlaytaitinasreletssed 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 SRBSb FACHIBIEYSIINBRYETHMRE A IBIUEY:, 9197 sard dhities aeeauntdor7; Shohami

et al., 1999iHsahejdit) eif dospRAAIMIBalensebabaZiiéhia whd esitsiblediabOver, 80keeentlyas a
15 resuit of road accidents. Two main groups of injury are recognized clinically: open
injuries and closed injuries.

Open injuries cause direct trauma of the spinal cord and nerve roots. Perforating
injuries can cause extensive disruption 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



6 discovered cytokine of the IL-1 family is IL-18. Recent studies have demonstrated that IL-18 is
constitutively expressed in the CNS of mice, rats, and humans in vivo (Culhane et al., 1998; Jander
and Stoll, 1998; Prinz at al., 1999; Fassbender et at., 1999; Wheeler et al., 2000), as well as in
primary cultures of astrocytes and microglia, but not neurons, 5 in vitro (Conti at al., 1999). Increased
IL-18 levels were detected in the cerebrospinal fluig (CSF) of patients with inflammatory CNS
diseases, such as bacterial meningitis and viral meningoencephalitis, but not in the CSF of multiple

sclerosis (MS) patients (Fassbender at al., 1999). In contrast to the finding of generally low intrathecal
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and Stoll, 1998). 156ee%RARE? SRuasEil Ui malsigniicenim i ks Mauoemaiaz et been
investigated until now. SUMMARY OF THE INVENTION 15 The present invention relates to the
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animals. The invention therefore relates to the Use of an IL-18 inhibitor for the 20 manufacture of a

medicamenY¥&} (RRERIRRRNGTANG T e R tBR oPcdifr &t PerobUa iRl riclREres) S PRAEMS particular
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order to apply gene therapeutic approaches to deliver the IL-18 inhibitor to 25 diseased tissues or

cells, flfthe PASSeRhd BihErfRveHtSTPREIMENS! R IRE WA RIefehalal YRbie (RAB e 1R PR the coding
sequence ofraialdLfaBMshjltadcionnteStoiativ@s)t Trdéapiessianting ohtterENSgitjicancelu iibvention

also relates 18 mﬁé{ﬁa%fu?ﬁé'%ag%%?BB@HW@Q{'@%%&GH&ﬁl fyRress IL-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 IL-18 (ng/ml) in whole brain (hatched), in the left
hemisphere (black) or in the right hemisigutW®ARY OF THE INVENTION

15 The present invention relates to the pathophysiological role of IL-18 in CNS
diseases. It is based on the finding that the treatment of mice with inhibitors of IL-18,
either one hour or three days after experimental closed head injury (CHI), results in an
improved recovery and attenuated extent of brain damage as compared to control
animals. The invention therefore relates to the use of an IL-18 inhibitor for the

20 manufacture of a medicament for treatment and/or prevention of central nervous system
(CNS) injury, and in particular of traumatic brain injury.

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 IL-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 cells
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 1L-18 (ng/ml) in
whole brain (hatched), in the left hemisphere (black) or in the right hemisphere

(gray) under different conditions.



(gray) under different conditions. 7 Fig.? shows the development of NSS (Neurological Severity
Score) measured 1 hour (h), 24h, 72h or 168h following trauma, either with 50 jig of IL-1 813P
administered i.p. at 1 h following trauma (squares), or with injection of vehicle only (control, 5 circles).
Fig. 3 shows the ANSS measured 24h, 72h or 168h following trauma, either with 50 g of IL-18BP
administered i.p. at 1h following trauma (squares), @r with injection of vehicle only (control, circles). 10
Fig. 4 shows the ANSS measured 1h, 24h, 3 days (d), 7d or 14d following trauma, either with 50 gg of
IL-18BP administered i.p. either as a single dose at 3d following trauma (diamonds), or with a double
dose at 1h and 3d following trauma (squares) or injection of vehicle only (control, triangle). 15
DESCRIPT N DéhdmEthe \dereTld@henthel IN§SefiNanraogioal iSdrasibd Snotberfieasuedfatstatistically

significant beneficia) affactoh ap {bah AR LANIRS SREAUGRY SO T,RIAN lbp A Aatige 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- Ibré’ﬁﬂahcf‘?f@?@ﬁﬂogﬁl-ﬁﬁ?ffﬁﬂi‘%ﬂ?é? PIMRRIBRRR iRfuYshigtea RAYHEPHER this
pro-inflgmmatory ayjtelki)e 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 prev sﬂfomﬁé'z(r@é@%%@d@mw% BHYBsH AR A bRt delaie SO e use of

an IL-18 inhibitor for the manufacture of a medicament for treatment and/or prevention of
complications and ${k-2fBEaPiRiNassd Ry 258N foleuina YE URDGIHAL RS OF W IRIRHIABA the CNS
injury is traumatic bealdeinplyy@ntiolsedldresad injury. In a further preferred embodiment, the CNS injury
is sping} cord injury. In yet a further yet a further preferred embodiment of the invention, the brain

injury is of vagCYlarQkigthe ANSS measured 1h, 24h, 3 days (d), 7d or 14d following trauma, either
with 50 pg of IL-18BP administered i.p. either as a single dose at 3d following
trauma (diamonds), or with a double dose at 1h and 3d following trauma
» (squares) or injection of vehicle only (control, 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.



8 Within the context of the present invention, the expression "central nervous system injury” or "CNS
injury" relates to any injury to the brain or spinal cord, regardless of the age at onset, or the underlying
cause. The underlying cause may e.g. be mechanical, or an infection. CNS injury and its clinical
symptoms and implications have been described 5 in detail in the "Background of the invention”. CNS
injury includes e.g. trauma, or any other damage o8the brain or spinal cord, and it may also be called
neurotrauma. Brain injury may for example include or result in any one, or more, of the following: 1.
Attention impairment; 2. cognition impairment; 3. language impairment; 4. memory impairment ; 5.
conduct disSrdBP dhenGRairsGfdbe resRnbifgenticn it P atrigystaRttiBh eyt &5 Mjury may
for exampleimgsyiitan‘Ch@phagid oeltdesatlegip infUoniplivetvain or linaffect efogaiBasjoiyhmay also be

treated and/gq PLeYROLEd, thaSHRISRNGS BN hRIGREH MYERHRR- licgliansaaddgieefects of

brain injuries”have been described above in the "Background of the invention". They include, but are
15 not limitedN t5Teion, Shehiniyisanb Ee inicAL B EiRRIS SO Beplratinnsded hrshidesadfcheration of
nerve fibersinodgiaistirringniBticigydagd wfytlainve embraNg dnjtoy exmokde.dhigoreaent Bngention also

relates to thgise,ahIksd SRR LI RGBAAIN MU AfRs icamentaibealmgnt and/or

prevention of any injury to the brain_20that is vascular in‘origin, such as hypoxic brain damage with

cerebral infarction,Bigkhdihey, Ca¥ RSV SXRTNRIP JREIHERtObrentkdn BN tehfs fr8XiRg Chtie

"preventing'folswisg.c hedeintish amishbmentterstogaltion iparaiathent; Btahopegecintpaynehtbling,

attenualing, ARGl ARG AR VCRSIBthaS e SHASE BYMBIGMIAOR AL BCN ALENNS Ao el 2o
Iseas C

symptoms, s or omplications accompanying CNS injury. When “treating”™ CNS Injury, the
substattes HBNAIRRY to the invention are given after onset of the disease, "prevention” relates to

?:dn;inistration of ;r@mbsmoqerbaﬁapef@i@asmldimaercaar@@egmeﬂ ietrfhlmqqmient. Treatmegt Oé

NS injury is pre [ C i Nt ion. Rr i t CN
injury, the IL-18 meﬁ?ré?lﬁ?rlﬂcsgt gﬁ%?&%%e%%%&%&?@é%%ﬁ}b e tgg a:%ﬁ&%%%ﬁgﬁ the first
hour after tHB afER{Fanem iR thaPeprsvhinvaRic R GRIpRtisatiansRnsHate etfagisrmbREF WAV ERDWN to
exert its beneiieialcetiaft sofituaiaboviiiy teerBadkgioadmutigienaddhties’ daysyafieudsatutritey

occurrqg ' Tm%{erﬂgﬁe&nt%fd%ma, meningitis, post-traumatic epilepsy, post-traumatic dementia,
degeneration of nerve fibers, or post-traumatic syringomyelia, or hemorrhage, for
example.

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 IL-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 IL-18 inhibitor within three days from
the injury.



to treat CNS injury, it is preferred to administer the IL-18 inhibitor within three days from the injury. 9
The term "inhibitor of IL-18" within the context of this invention, refers to any molecule modulating
IL-18 production and/or action in such a way that IL-18 production and/or action is attenuated,
reduced, or partially, substantially or completely prevented or blocked. The term "IL-18 inhibitor" is
meant to encompass inhibitors of IL-18 5 productiom, as well as of inhibitors of IL-18 action. An
inhibitor of production can be any molecule negatively affecting the synthesis, processing or
maturation of IL-18. The inhibitors considered according to the invention can be, for example,

suppressors of geﬁ@%iﬁ?@sﬂgﬂ P ifedfe RN tHY conired e r\’ﬁF?Wﬂ%t'%HJEfﬁffc}P & enting the
transcriptiomufi¢heléLrb8lutzRhgN on &a@dgctwd@rdﬂgradmmm(ailtkieawﬁmmqbﬂbtémamdlpxalmmg correct

folding, or paialy 245HhstaUalteB! SLRNLDN SPGIBNAN Ll Bl RS RALAT AL, once It

has been synthesized, inhibitors of proteases cleaving pro-IL-18 in order tQ gbtgerate mature IL-18,
such as |nhﬂS|t8|%c5??:a§-5‘§séeimaHH % WRUIRR iihiBIEANb iR -§ BT T AANRISAS 1PE 118+ &ﬁtagonlst
for exaraplepradiagjonjsts wiEll aaofdithibittris dfthdiBsedjoaster the IL-18 molecule itself with sufficient

affinity and Spec'f'ﬁﬁyéﬂﬂﬂﬁ'&"MrBBé&B%t@QH%’dH?W&HEGIé*}% R0 bHsdh S AIngRIIREE)
rs). 2

responsible for IL-18 binding to |ts ligands (like, e.g: to its recepto n antagonist may al$o inhibit
the IL-18 sigiaReRPPaRVER WA %féht%@a%ﬁ ibitae E@“@‘i‘?ﬁ% acopgdipgh rBerdn¥eniReeptor. 20
Inhibitors ofdhnlt&aﬂimxamalsodpmsswblﬁ b)eﬂ@ esmestﬂuss ofmmiamrlesk:mlmm&gagtmengeceptors or

agents blockipg e |kl 8£8CEP LIS, Qi 18 o518 REIYEI9NANY Bopadiapaantibodies,
r mole § n the ? hin

or any other agent o reventl IL-18 to its targets, thus IminiShing or
preveritthg tH@@r@Hﬁaoaf%@m N éazﬂf&mmmar@a&ﬁeﬁ%@éq’m@d%mﬂ@@/ 2551'1‘P§t?ﬂ3?£Yred
embodimenpavirtingasenitionainn sherirabEodejrdibg I8- &leawdifien beeibipithedicespase-1

gl?bi)nl?snt:gh%@@ %f&l %q??%gg é}%eﬁ]v §3r‘gg{jl Eé?hﬂvsaﬁs Iﬂ%ﬁ%:%?n?st %t% W%(i)g%elclemépse'Egcv(\?% IL-18, or

bind to, and'B'Rﬂ?iF@fﬁ@flEafBa*FéC%@@ﬁtB‘ﬁH 18 binding proteins, isoforms, muteins, fused proteins,
functional 30 derivaivgsbitsitivel [rastmnpw el Gl aryl peantatehide fvabxasprs. salisgdieseof.

15 can either bind to or sequester the IL-18 molecule itself with sufficient affinity and
specificity to partially or substantially neutralize the IL-18 or IL-18 binding site(s)
responsible for IL-18 binding to its ligands (like, e.g. to its receptors). An antagonist may
also inhibit the IL-18 signaling pathway, which is activated within the cells upon iL-18
binding to its receptor.

20 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 IL-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



The term "IL-18 binding proteins" is used herein synonymously with "ILI 813P. It comprises IL-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
c of IL-18BP are useful in accordance with 10 the presence invention. The proteins useful according
to the present invention may be glycosylated or noté-glycosylated, they may be derived from natural
sources, such as urine, or they may preferably be produced recombinantly. Recombinant expression

may be carfied out in prokaryotic ressigon systems like E. coli, or in eukaryotic, and 5 preferably in
mammalian "EXBFERUTER QYSLIRE. AEH IS ARE A W SRR e YR RTINS the
present invediyieasylatte hivesgycasyiatadovbey (GHDpcedrivRe dombiedunap soduetiorsadhtas|L-18

inhibitor, whhEeePIBiNARYYRRFEBRASLIBRARD 2LasASHS A CRLBRBIRRERIsERRIV RS carried

out in serum free cell culture medium, 10 As used herein the term "muteins"” refers to analogs of an

IL-1 813P, %A SAIBES SHtaWiRIPIEYSEP SRTRRRIAN HE'EPIAKE JF 11F@art 8 R PRSI eRSf a natural
IL-18BPor wieftrablysB PhanmemalEacerbbsssidie systeami o adidine siddies|aoly avelldali¢ddpothene or more

amino acid IesiguRRIHGSGARE Fj&@unﬁwﬁl&ﬁgwﬁ@@%m&@@Hsﬁiééﬁ&%ryd{m)aéeh.L-BBF" without

reducing considerably the activity of the resulting products as 15 comparéd with the wild type IL-18BP
in

or viral IL-1813P. THEQERRRBIT Yechra i dy 'RiBRR Ymitieq damombina) i airssssd
mutagenesistecmailgueselsr enyedthiezsimaynpriefemityueescataield dlae iefeeruhmyreaclelmuigirepreferably

has a sequepngg;gf,amino acids sufficiently duplicative of that of an IL-1 813P, or sufficiently
duplicative of a viral IL-188P, such as to 20 have substantiall)( similar activity to IL-1 813P. One

activity' Bf IL-18BPAS S PaISIRy 6T TNy ieines referp in2elngs AfdritASBRuyRRARISRhding
activity to ILal8rzit katBBe, irsetith hreurifioatiofties Hmi®, atidhestibysoéanatfaffinitgsP or

chromatograply 2Nebuse RBREAUP ARG NG subsantiall iRy agiidl g bal8gP. Thus, it

can be determined whether any given' mutein has an activity substantially similar to IL-18BP by 25
means of rolGFR YRS ATEhiatiIHT R ASiRAdquRe MRl &l deauanseirf @dL BB Riffevigndwich
competition lasEEBRo dithexhineduwtinghevosidetiblipirttls tacinigppfophatedgultibe|eaodudts, sech as

radioimmuNEASSAYAn il B AP pe IAIEEBNGIANA! SRS TPheRSSRaRInG HiS BiRjonicpbgcetivity of
IL-18BP were described in detail in WO 99/09063,
known synthesis and/or by site-directed mutagenesis techniques, or any other known
technique suitable therefor.
Any such mutein preferably has a sequence of amino acids sufficiently
duplicative of that of an 1L-18BP, or sufficiently duplicative of a viral IL-18BP, such as to
20  have substantially similar activity to IL-18BP. One activity of IL-18BP is its capability of
binding IL-18. As long as the mutein has substantial binding activity to 1L-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 IL-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 1L-18BP were described in detail in WO 99/09063,
e.g. in examples 2 (binding to I1L-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.



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 cells). 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 theretid. 11 Muteins of IL-1 813P 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 correspondjng sequenc substjtution peptides or
polynucleotides waétﬁ'Eaﬁ%d%'jé&?ne@VBBéﬁ%%V‘BFFé” foérq[ﬁf:\l]jiﬁﬁ‘?‘l W?@C rﬁa\ﬂlitff%i%egndue 5
experimentatiaagctrasedeonitin éeeprssiensrvedignidamueisie seitteddirgdherslotaimduite actioitdance with

the present {aypURRsIARIHIG BSRERIBSBMPISENCEs BYGEISRAKbBERBSSIN Ao RIAtivdaich
hybridizes to DNA or RNA, \?vhich eé@qodes the IL-018 inhibitor, in acgﬁl?gance véﬁmhe prtlasent

invention, uMiéMiGte PaDBIPER K LRGEA o RA B At SR SHN I GEh KRt SRS Pefers to
hybridizatiorxquedrhrtatrse duasat wa dheriganbitgitieng, guiishcéh pessefterdeszin skill in the art

conventionally refgf fgias isEigRknce GRAHRHRREhIn/eMERNh BRI pARIRIMARRIaL R0y,
supra, Interscience, N.Y., 6.3 and 6.4 (1987, 1992), and Sambrook et al.(Sambrook, J. C., Fritsch, E.

F., and Manf4§&ieragifo §55H 7 SNHP Yhieh Bysidizss IRARPr &G WhishsReaAssTeboratory

Press, ColdI58nighitatdyo inNacrotdaidhwiih | thetatiess rd xiavgpiinofusitergeotiecteltionshipblyde

washing conditigar ‘criioRe St ASRICHAIRAI BLHARGHDNGBRETS Db Sl 2ahd S C and

0.5% SDS for 5’ minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x SSCand 0.5% SDS at 37C
for 30-6b mitHReRALRRE theshins cPRddiers anieNsDeEHY gL AUESBVAHIEEW ordinary
skill in this asfanttesstéstdnteatt'stBagensyied reditionSuate ot Foadeqeis th dotbeulen Bibiagfyt Feeiid| A

sequences. RIEORUAIRONNIG PIARES (CH #31H37 O deseah P SMBARIaPOHRERAIS,R oee, T mixed

probes are used, It IS preferablé to use tetramet% ammonium chloride (TMAC) instead of SSC. See

Ausubel, supf#sat &£pfeferrdaMenistiginiedt 987 MAGCHRTSIPRAE o1 1L8RPHETY YRR oF ¥bmology
with the seqgemagHdrb&rQdboid€nlPRes, TokitBerannidasdisédence listing. 25 More preferably, it has

ﬁg'riifé Ssyoiﬁé f‘étf%&ﬁ%ﬁ%tkﬁ%ﬁ Q&AL ear MR BRFHRERERRY HdRAT ARty or

12-20°C below the calculated Tm of the hybrid under study in, e.g., 2 x SSC and 0.5%
SDS for 5 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x SSC and 0.5% SDS at
37°C for 30-60 minutes and then, a 0.1 x SSC and 0.5% SDS at 68°C for 30-60
minutes. Those of ordinary skill in this art understand that stringency conditions also

20 depend on the length of the DNA sequences, oligonucleotide probes (such as 10-40
bases) or mixed oligonucleotide probes. If mixed probes are used, it is preferable to use
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



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 exgt 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 12 either one or both sequences, to

enhance th& &) raRedy’ a{?@Hrﬁ%‘?ﬂe'Ac% iR ABRARRE e SRS i ALeNTURI A " IFSRITE K R each of
the sequencisdmmingdconepdinedvfsdedaligth gfazehadibine satyehetssopingi colaggreditatieafiedsequences

ofthe same qey gLy I2Ralh pa aueADalesndoined ooatbs Grrerlsrdcsalalnmeny. hat s

more suitable 5 for Ssequences of unequal Iength. Methods for comparing the identity and homology of
two or more %Geﬂ%@?&ﬁ!‘%@ﬂ QﬁBV\‘?ﬁ’ |ﬁ@ﬁ@%\ﬁ§°ﬁﬁ]§’%Pﬁ%ﬂﬁ@€‘%@%§ RuFaEeRane
Wisconsin Segssnencésafysisqaclkageh.version 9.1 (Devereux J et al., 1984), for example the

programs BESTFhh a0 GRP o ia:RAG-REIdE-AESHI RERBGY B?%tm%’é’ee@@q%ﬂdeg are

polynucleotides and the % identity and the % homology between two p o%e ptide’ sequences.
BESTFIT us¥allifernndaIthe mididdy e dRjdrriRncs RipHREA@RIRRmIA e MYiBently FRRHCRSE best
single reg|omfni|§s$nn|Iaetyéw)meubwcgslememeexatrmranrd@msfdmraietﬁpmrmmagpd@mmysand/or

similarity beg/é%erl?g cgapre IBQO o 4 Qe LodOk stl.ﬂ ce thfi-:-d mr ograms
(Altschul S F et at, 1990 Altschulrg%)ﬁ eVMaIe 1997, (%éc%esé{l le t ror/r h the o-rrbnée page 0 %he NCBI at

www.nti nPRIVINGRRdeh PR EEA Y idsraliin Ak the ok, b@a%wweme@réré?r@e'wmees for
muteins.in assnieadiee BWESTRETPrRSe niha VEsdin ransowhgt agerﬁthﬁWOfESrﬁﬁanaledVWate'r'rﬁaletltutlons.

Conservative S0 A H SURLRN Al BABE BPURRRIPRSLBESS Ll B, may

include syn us amino acids In a group w iclen y similar physicochemical
properties tiRAPosemERIHSiHBiNe it Andhi 38 %ﬁﬁ@%}*dlfﬁwmeﬁré%@r%%%ﬂ)%@é@%mlon of the

molecule (Gxanshgufar it&?aﬁcdttrfe@e&\lsthaénn@&mpm@@mtQAI%MOBSDF@MHG gaidalmsenul@ be made
g‘n}; ‘?n"i}/%?\y: f?evcfg%nﬁﬁgggg%éﬁﬁe"‘{ﬁp %arreﬂngrr@ LU GHARs REBTURDW ARG e rP&%vS’r deletions
and FASTA (Pearson w R 1990; Pearson 1988)
Preferred changes for muteins in accordance with the present invention are what
are known as "conservative" substitutions. Conservative amino acid substitutions of IL-
18BP polypeptides or proteins or viral iL-18BPs, may include synonymous amino acids
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.g., cysteine residues. Proteins and muteins produced by such
deletions and/or insertions come within the purview of the present invention.
Preferably, the synonymous amino acid groups are those defined in Table 1.
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.



25 preferably under ten, and do not remove or displace amino acids which are critical to a functional
conformation, e.g., cysteine residues. Proteins and muteins produced by such deletions and/or
insertions come within the purview of the present invention. Preferably, the synonymous amino acid
groups are those defined in Table 1. More preferably, the synonymous amino acid groups are those
defined in Table 2; and 30 most preferably the synmymous amino acid groups are those defined in
Table 3. 13 TABLE 1 Preferred Groups of Synonymous Amino Acids Amino Acid Synonymous Group
Ser Ser, Thr, Gly, Asn 5 Arg Arg, Gin, Lys, Glu, His Leu fie, Phe, Tyr, Met, Val, Leu Pro Gly, Ala, Thr,
Pro Thr Pro, Ser, A@Eﬁyﬂ— His, Gin, Thr Ala Gly, Thr, Pro, Ala 10 Val Met, Tyr, Phe, lie, Leu, Val Gly
Ala, Thr, Pro, Ser, BéfdresMEBrolips, &P Synbfaimioss AteinBiAeidsp, Met, Tyr, lie, Val, Leu, Phe Tyr Trp,
Met, Phe, lle, Val, Leu, T¥nihe ﬁéﬁﬁ Ser, Thr, Cysé;}}%@hl‘obg%lg,[% Thr, Arg, His GIn Glu, Lys, Asn,
His, Thr, Arg, GIn Asn GlIn, Asp, Ser, Asn Lys Glu, GIn, His, Arg, Lys 20 Asp Glu, Asn, Asp Glu Asp,
Lys, Asn, Gin, His, Arg, GI" Met Phe, lle, Val, Lese MBI TAP S TABLE 2 More Preferred Groups
of Synamymous Amino Aéids Amino Acid Synonymn@&rGLleyapGlu, His

Leu lle, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, GIn, Thr
Ala Gly, Thr, Pro, Ala
10 Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Leu, lle
Phe Trp, Met, Tyr, lle, 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



Ser Ser Arg His, Lys, Arg 30 Leu Leu, lie, Phe, Met Pro Ala, Pro Thr Thr Ala Pro, Ala Val Val, Met,
lle 14 Gly Gly lle lle, Met, Phe, Val, Leu Phe Met, Tyr, lle, Leu, Phe Tyr Phe, Tyr 5 Cys Cys, Ser
His His, GIn, Arg GIn 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 29 Leu Leu, lle, Met Pro Pro Thr Thr Ala Ala Val
Val 25 Gly Gly lle lle, Met, Leu

Gly Gly
fle lle, Met, Phe, Val, Leu
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



Phe Phe Tyr Tyr Cys Cys, Ser 30 His His Gin GIn Asn Asn Lys Lys Asp Asp 15 Glu Glu Met Met,
lie, Leu Trp Met 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 1® Koths et al., 4,965,195 to Namen et al;
4,879,111 to Chong et al; and 5,017,691 to 10 Lee et al; and lysine substituted proteins presented in
US patent No. 4,904,584 (Shaw et al). The term "fused protein” refers to a polypeptide comprising an
IL-1I8BP, or a viral IL-1813P, or a mutein or fragment Breof, fused with another protein, which, e.g.,
has an extended resideribﬂettlme in body fluids. An ILM&BIR dreauviral IL-1813P, may thus be 15 fused
to another protein, polypepfide or the like, e.g., an imggpoglobulin or a fragment thereof. "Functional
derivatives" as used herein cover derivatives of IL-18BPs or a viral IL-1813P, 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- Bxanpdesnvfapllgrtiepf Mneaadd(mmtiiatm ant, mottiaseihatbh desh ibéhe

invention as |QnoBs JBEXniMARRRAEMRCPaEeallRRERALDL. Pr%téﬂ%y&on‘ﬂ%ﬂ@%@{réh‘i’l_aCt'V'ty of

the protein which is substantially similar to the act|V|t of IL-1813P, or viral IL-18BPs, and do not

confer toxic BtBperties biecBhiBEsRIBREE JAYAINIAG W%@WeﬁUﬁWe@%B?ﬂ fBPBﬁaﬁ’rﬁé dRclude
polyethylen@ghatkdidettd qaaient 5059814 a4, 58888 2 atgeh k38 482 atudivdade ptl dh & reii@didce of an

IL-18BP or §.ViggiHt-et al., 4,965,195 to Namen et al; 4,879,111 to Chong et al; and 5,017,691 to
10  Lee et al; and lysine substituted proteins presented in US patent No. 4,904,584 (Shaw et
al).
The term "fused protein” refers to a polypeptide comprising an IL-18BP, or a viral
IL-18BP, or a mutein or fragment thereof, fused with another protein, which, e.g., has an
extended residence time in body fluids. 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 IL-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



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 amines, N-acyl 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 fraggons" of an IL-18BP, or a viral IL-1813P, 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 16 linked thereto,
e.g., sugar JPEAbYRER ReligBie R RiGRa{edRiIHE HieaprRenet Rl tBE foteiiyRPkBues by
themselves ppribiei ded sarddidhiao byh #emdedtastiptyleti|aniddtadtipohias 18 BRtahtiiyesimitsalts” herein
refers to both.saltsiof cagaxyl groups and to acid 5 addition salts of amino groups of IL-18 inhibitor
molecule, or analogs thereof. Salts of a_carboxyl group may be formed by means known in the art and
include inorganic s%ﬂ‘l%,t%? eﬁé%l@?ﬁ%ﬂidﬂ?'&?&&ﬁf%ﬁﬁ%rﬂﬁﬁﬁrWBé GFRe s uRFithe like, and
salts with osganienossrsohsithins efouptedt, lior 8xatiitler, mitle @aminasasalchsabdreihBanaoiine,

arginine or lysj iperidi cal the like. Aci it] i ; : le, salts
i mineral O T e
acids, such f&’é,Wﬁn‘fﬁfﬁy%éﬁ@iaﬁi‘d%F@Qﬁl%éﬁ!?'@?r éhgredtsaapdidiikaitantsatiserih the
biological acltyipiofHasdy iemant teotheprdseridmpntiang | amitxsrsadprekfarritveneaghen
oligodendrogytes, In a er prefert bodiment.of the.inventi inhibitor. -18:is an IL- 15
18 antibody.gyﬁ PIAL %flgﬁﬁ Bbﬁgéﬁ@aﬁg ’k?ép?)%%;ﬁi?oﬁ%%j OIP ?n%%%c%%‘glr,bg@lﬁ?ﬁrié?llfgulﬁ]ééyﬁgl'eé&or even
fully hufhan SkeseRit bHakm vaitiPieRsal acdifadiine RS (Ereape. dhalashiere aed RigpLiHSity binding
to IL-18 in vidaaddasitoxiatyorbariaaikrdiaschinc foeaxdifpisesbatichain @ riienaseigheracterized
by ther abili, g lrest pafients, or.a, itk SKITGISL 0. 245, APSAIP@ERIEN teghession. or alleviation
of the pathogenic 20 dondition or any symptom or gr%up o?sy ptoms re ated to a pathogenic
condition, aftyeatiey kexiexgriRaiadnaivesiirmd e sligrdpagdmEyiessed in animals such as rabbits, goat

or mice by immuniaaiiaiHéH bbfdedrembednednnisea tpaitionl iy iHppitdrfer Rrogiding sources
15 18 antibody. Anti-IL-18 antibodies may be polyclonal or monoclonal, chimeric,

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

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



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 congtant 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 gépiSfiRbS hmee Rl sehmitiewaenieiyhaak ImriaYRd cotRaerkiivlies dreftepRitted with
human countefigatist whileoggnining the murine antigen binding regions. The resulting mouse-human

chimeric antibody referaply, have reduced immunogenicjty and im r.oveéj]pharma Kipgtics in
humans (Knight egréﬁ, ’15'9%?%) hﬁg,%egerfr h%rptf)?e eﬁ@d E‘nigoa :ﬁ)é)r? g (-2 3%?15‘%8§ i%";%umanized

IL-18 antib&Nibpiuidtrelgresd expevissiniimapaaethani-1b8 & mbasiesareedéesgibed in the 5
European PaigobspittisalinnsidrMeEs00 ofar sommplexdmyet a further preferred embodiment, the

IL-18 antibody is fylly human. The technalogy for. producing,hyman .antibodies is, described in detall
-0, In W00/ 76318 "GO0 B e B R e SRSk BoB R o e e
preferably recbnetpadrieantisbigiay, progoncedihedien iydascrimehinslatay. ecanbnWROERII%Ing all 10
or portions af/tioge0ad hwsap 1glamsine Rigdsamiera crhed menbedithe e pratciaygntion, the

inhibitor of IL-18 ia. an IL]{IE%%P or an isoform, a mutein, fused protein, functional derivative, active
u

fraction or dFC0MA IQaﬂ&%’? S’Sdé)ﬁﬂ)/%lfﬁfe twrgyggﬁg‘?ﬂlé:s%nfgb Srrﬁsq,-rﬁ%%fﬁ%",efu%%'ﬁpﬁ'ﬁ’é?@iﬁ‘ or
functiotal derivathiens efthinciandiblogiralaletiity of IL-18BP, in particular the binding to 15 IL-18, and

preferably have espeatipiiablersaneAIbIM ST YR O leskdl #e B hheSpibilreIns Have a
biolqgical activi y g h IS even 'n;:reased inc rrép rso ito rll1 odifie% lL-g.SE:P. Fre;erred active
factions hadB i ) VAP 8 Bt PHE A S RURP B TEPGBBR Q5P e T
advantages olikireulaeitepestaliifitycoderilaties theien) dihdaenisaiotesiciyieinsthioget eretsier oo produce
in large quagiigenar &anshvesRetdy, #2 PRRHSRALSARRS of IL-EH:, AshiRaBl e \aH@REfisoforms
can be takeq) M Sreteraby have asaonhally ok 1S5 an saivite S 5 1L TBE S Taea Y saon®:

proteins have a biological activity which is even increased in comparison to unmodified

IL-18BP. Preferred active fractions have an activity which is better than the activity of IL-

18BP, or which have further advantages, like a better stability or a lower toxicity or

immunogenicity, or they are easier to produce in large quantities, or easier to purify.

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 |L-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.



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 Polygthlyenglycol (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-1 813P is
PEGylated. Th@ fisignermpieker diteetniiodmeepiast tikanpeptidn whishrispiksr aF AhorBas A tuded protein

comprising alh@fopasiiaksiadbslia wﬁgﬂw@n&t@w,. whinﬁta:hsd@sed trbosciaadsiis immgaglobulin,
Th(_a person §%§Jﬁ§]§<‘n the a[)t WI| rlilﬁ]n%% r]gqhthaﬁ_tq%] rgs % {&f,uo'ghgrm etalns tt]e blologlcal

activity of IL in a}/rtlcu?ar usion may 8|rec? rVia a short linker

peptide Wh|dﬁ‘é‘éﬁf@eaﬁdsh@f?'aﬂ(wesicanﬁmﬁm@idQ£ldt%§r@lﬁﬁéﬂrﬁhH@@g\éﬁlmue§Hn%Ye 13 amino

acid resjdueg|ippaegiet Haigdikar Bayds attipeptidgmof Hé@t&ﬁ%e%@ EHe-Nhbidg ImMet) for
example, ora 13- amlrllg acid I ker seﬁuence .comprisin Phe Qe}gAla %X Leu )a? Iae -Gly-Gly 5

GIn-Phe- Me?eﬂ%'roﬁuced%e?w fus 1‘§‘§Else aue"rrln ea\(r? mpmmuhgld unif ségtence. The
resulting fudiesidenseiimeais |h¢pm%ds;ﬂaqj’éhf@s|rmmsa§ speeifieadddyrdpirasss ﬁmaissmdy fluids

(half-life), ing@@d@gg}ﬁgﬁgwgytﬂgQ[@ﬁﬁp&&ém%sggnah@ueI or the purification of the fusion
protein is facilitate t?Rlln a efe dlme t I%? 8BP |s ed to the conjtant reg?fn ofanlg 10

molecule. Preferably 3t 754 t%nﬁ %'P;[al rl: ng' lI’(%e %W(?&n JHM arbllghuman
IgG1, ftfr exeneiphsler Wé&j@ta@i'atllbwcﬁﬂ@bmfhef:‘wl@hqmo%m&d@ﬂw@%ammémmmtmn of an

'mmU“09|0t6f“|ﬁhﬁ=@wCi§@f gl dRAHRBIPIRCL dPlcliid? BHOQRRTic frers@sa;sm@n%aﬁwﬁgf@mus of Ig
molecules a |table for the neratl? of fusmei{%_%el S accor 9;)5%? t invention,
Such 25 ofbFhIS 1003 BITISELR! BP 1 BHRe Pl B TR s B SIS, AN SHUS hprotein
may be morfgirr@fmfe nfdlbienasiefoneste ef- lgr motecuiesitare dtsd nseitnenoatbegaieratiemt§ known for
inhibitory efigelsopr¥iEald eRleREAY @6‘%&%JJHL%EP?%ﬁf%HO'%uHN%G%VmEO aB?IOI plays an
|mportant rol romotln ,mmu and mf}ammator r% uponses Interferon , an interferon
?ﬁ‘ classes, like IgM or IgA, tor example. Fusion proteins may be ono eric or
type I) sa
multlmerlc, hetero- or homomultimeric.
Interferons are predominantly known for inhibitory effects on viral replication and
cellular proliferation. Interferon-y, for example, plays an important role in promoting
immune and inflammatory responses. Interferon B (IFN-B, an interferon type 1), is said to
20 play an anti-inflammatory role.
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 W099/55377, for instance.
In another preferred embodiment of the invention, the interferon is Interferon-8
(IFN-B), and more preferably IFN-B 1a.
The inhibitor of IL-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 foxic 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



20 play an anti-inflammatory role. 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 0 and the polyol Polyethlyenglycol (PEG) has been
described in W099/55377, for instance. In another pgeferred embodiment of the invention, the
interferon is Interferon-p (IFN-(3), and more preferably IFN-(3 la. The inhibitor of IL-18 production
and/or action is preferably used simultaneously, 30 sequentially, or separately with the interferon.

Tumor necrfRG8VRIY6F, traidMsdierPrrigdRivey ihhgrefperareeterieshaaringBtaitihe Miveniic effects in
brain injury (SheBasiret @e AV RHBIxMRle dibetohindhitn WIBCTNA fotaHvipefalansingrsevere brain
trauma resulted. in a sigpificant decr f1L-18 levels in the brain. thusndicating that TNF may
oo = bon i R R e SR b B IR0, B B
embodimen®bfeperatediton relates to the use of an inhibitor of IL-18 in combination with TNF for the

preparagion of a mMe@icneHAMHreRImMestGHIBIeFLIRNETHEN bk ai prétsbretoirsbehiaasess,
sequential eritg(ﬂ[])arate use. 5 The combination of IL-18 inhibitors with TNF alpha is preferred in

accordance wit er%sr%%éﬂ}’?rqygﬂtion. In a further preferred embodiment of the invention, the

medicament furthdn eomphseeafeiradismbasimanty elgthe, isventias.afhel Srdicanesidtdvairi anti-
inflammatorycshpisds INad PEAtEHREGTRGS MREnG GHRN-Inkibiter, ReAMOshBrRisrallM aahfl-COX-2

inhibitor, i di binati ith IL-18 inhikjtor. COX-inhibit in th t. Specifi
Cox-2 it AT AE50 11 ARRIIEE 25PN DT RN Sl e wsect
simultafeousEXskigphibitosl g, unedd pacanbipating dvithvansirets rihilpitorti SuRt-ekibiiots exg typemepecies

(ROS), have,bggnyglessehed EoMay il Hhe Ry HAPeYRIdM demagsHsiionani etal.,
1997). 15 Therefore, in a;;referred embod@gnt of the present ig@/entlon, the r?edlcament further

comprises AATRRICXIRAREIE TRy RerResl rulanently, SPaupHii% QE8eRAEHGYantioxidants are known
in the art, such a®xudativiesstreSsorii, paricatainosadiydicagiggrorspecies (ROS), have been

described to play a role in the pathophysiology of brain damage (Shohami et al., 1997).

15 Therefore, in a preferred embodiment of the present invention, the medicament
further comprises an antioxidant, for simultaneous, sequential, or separate use. Many
antioxidants are known in the art, such as vitamins A, C or E, or 5-aminosalicylic acid, or
superoxide dismutase.

In a further preferred embodiment of the present invention, the inhibitor 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 pg/kg of body weight or 1 to 100 pg/kg of body weight or about 10

25 1o 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 IL-18 inhibitor of the
invention.

Preferably, the nucleic acid molecule is administered intramuscularly.



superoxide dismutase. In a further preferred embodiment of the present invention, the inhibitor 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 pg/kg of
body weight or 1 to 100 g/kg of body weight or abogiy 10 25 to 50 g/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 dhareetrieatiprinans/enpsevent GNSOvBetd gersehRiBRY VoRiRT FRBFSIaNfurther
comprises aiseguguetcofdrarekMbRSIAT Iea® preductionisadienadlivtanyfoe anjeuristaiiagiyhe IL-18
inhibitor of tﬂ%'ﬂyee'ﬁi@é%s@éeé% Ry e QUGS %ﬁﬁi ”A%?&H'ge ARSI LRI R mpgularly. 20 In
order to treat and/or prevent injury, the gerle therapy vettor comprising the sequence of an
inhibitor of |BHEFEAIRE P SR Befidpy nYagies.infketclidiscf e YReldisedeeehings @@ dfor
example, thusdutvigliom iy einesnsdmny eiMp@duBss vsig BTisicadifaysiration of gene therapy vectors, like

dilution of the vectays, [2aclyng 80, pfardeling afdne Ldstselne Jepuespal el eliects. The
use of a vector for inducing and/or enhancing the endogenous productiort of an'inhibitor of IL-18 in a

cell normallyRilehniblier ek Prelssiom ceAnermedyisiasitder sxpeseiPneiredsek3dmdiiats @fwhichibitor

which are nekgtééisdenbnisenidsofc ey eiimata dwhREOEIHNGHG® Biffitiventiane fakl erkmanblard/or
prevention of CNS injury. The vector m 0 comprise regulatory !Je,qgents functional, in the cells
desired to e?ﬁ?gg% g) in}h%l \cl)?ng'ro d Eoiggg%t% n?rgé)ﬂ@{&ry s%%ﬁ)gn%?es or 'é‘ﬂgﬁﬁ-eﬁs‘? ¥r1e§§/°[)51%¥omoters or

enhand@rs, fompsisenisialiFiesyrelsmanisyfeegipaatin gy aplisndssifat de re@eirdhddntigieiodus of the
genome by ongoleueH SEgGRIIINSE UL SPEIRRBAINKIRY the R SreanRiMearyVitBrthe gene,

the expressié)xré r%f Yél!‘]iﬁ!?eis;. rqui{red t% be ingur%gd. ﬁlre%?a%edd EQ %\ C{t/s@nob%gé IS uspﬁllé/ referred
to as "Endogenoas Gehe Aetvation @;LE%) and itis eescrlb%&'e.é. in 9f B ©
genome by homologous recombination, thus operably linking the regulatory sequence
with the gene, the expression of which is required to be induced or enhanced. The
15  technology is usually referred to as “Endogenous Gene Activation” (EGA), and it is
described e.g. in WO 91/09955.

It will be understood by the person skilled in the art that it 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 IL-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



It will be understood by the person skilled in the art that it 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 silencingaaf 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

medicamenPPeHk-TPesianriiRg Raihueyrantaarstisty 2 NS 1B HRChTeRMAGEWER HurP apddiaes o
pharmaceutigal kondpesidnns, particlllady bisdfug footpiasendicforarng/ ontraasn éredf pridteins)atory CNS

injury, whichy %%H#Pu@?ﬁe?iv RERPSUHGHL SIIRG Wﬁcﬁ@ﬂ%&‘&tﬁrﬁﬂﬂé&@@@ﬁﬂti%&%&%ﬂﬁ{a@ing

therapeutically effective 30 amount of an interferon and/or a pharmaceutically effective amount of TNF
and/or a pHamsaEE e ity effective amount of an anti-inflammatory agent and/or a pharmaceutically

effectivg amount ofLareamti pxi ditivefagest miiein ) HiissdbibtdiBs tHenctomao sisidnativey, eotivprise

caspase-1 ighibitors ihedi : ibodi ' .- subunits,
bitors 21 A B g bR RRIE 2 o
the 1L-18 redupestienisPftbed haieneeppiett FENRESHPASs, muteins, fused proteins, functional
derivatives, active fiashsasaoaissHpigaeimtiatprdatvalives toenposiiavirgpisferapmerastivity. 5
IL-18BP an ittsa igrolfﬂ(lr%sr‘. hmuteins, fused proteins, functional derivatives, active fractions or circularly
permutated Jervatives abs described above are the preferred active ingredients of the pharmaceutical
compatitions. Thellhystransthebpipiesead iemhedinans fieeDfieanaesHpeligempesiienraMRifeR- beta or

IFN-alpha. Retapysitraniherpeaier amamBodmeNE thippharmaceiieal-eemniasitomsasiprises
therapeutlcaalgl ef%ectlve mountﬁocr)]fr;lraNFfuarl[Rha. The harmaceutlczgﬁm%a{lon according to the

invention mayCT%rr Wgrt(c)cg%p'ﬂ\é%none OF¥nore COXRhibitors The definition p|C§PS1'armaceuticaIIy

acceptable” is meahtercefiniinip2ts argrmeaeidicalini@sgoEbifot ImteIeent tieRIRTHIRENESY of the
biological agiyi¥rohienadddenot interfere with effectiveness of the biological activity of the active

15  ingredient and that is not toxic to the host to which it is administered. For example, for
parenteral administration, the active protein(s) may be formulated in a unit dosage form
for injection in vehicles such as saline, dextrose solution, serum albumin and Ringer's
solution.

The active ingredients of the pharmaceutical composition according to the

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 fo 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.



15 ingredient and that is not toxic to the host to which it is administered. For example, for parenteral
administration, the active protein(s) may be formulated in a unit dosage form for injection in vehicles
such as saline, dextrose solution, serum albumin and Ringer's solution. The active ingredients of the
pharmaceutical composition according to the 20 invention can be administered to an individual in a
variety of ways. The routes of administration includg intradermal, transdermal (e.qg. in slow release
formulations), intramuscular, intraperitoneal, intravenous, subcutaneous, oral, intracranial, epidural,
rectal, topical, and intranasal routes. Any other therapeutically efficacious route of administration can
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the half-life 8¥he molecdie 5 In ?ﬁe‘vf?{uman bod , for exam ing the mo e to

polyeti9leniipcdinias! wesditisadofiing@atient faskiingniircdasirpity 92 memanng e tAepLpXStically
effective ameusiss ehtigasdiveiprmgeisdsiyyill be a function of many variables, including the type of
e e BRI ey SRR G e
of maintainiiitibitesiessiie indbiaiiamelogertieiogical setbibig) I tendhpdetrem paTBiioEdmount” is
such that whgringrsrstarnsle tesds; 18 ambiieiues switsary iobieiigingiipbe bivkagigar #stteity, of IL-18.
The dqssag‘eir%:u {Rglzﬂﬁ-r? g inhibitor pharmacokinetic properties, the route of administration, patient
conditions and characteristics (sex, age, body weight, health, size), extent of symptoms,
concurrent treatments, frequency of treatment and the effect desired. Adjustment and
manipulation of established dosage ranges are well within the ability of those skilled in
the art, as well as in vitro and in vivo me{hods of determining the inhibition of IL-18 in an
20  individual.
According to the invention, the inhibitor of 1L-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 ng/kg of body weight or about 1 to 100 pg/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 IL-18 is administered daily or

every other day.



as single or multiple doses, to an individual will vary depending upon a variety of factors, 15 including
IL-18 inhibitor pharmacokinetic properties, the route of administration, patient conditions and
characteristics (sex, age, body weight, health, size), extent of symptoms, concurrent treatments,
frequency of treatment and the effect desired. Adjustment and manipulation of established dosage
ranges are well within the ability of those skilled in 4Re art, as well as in vitro and in vivo methods of
determining the inhibition 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/ReiHYRPRRS Gtie sieapbLeivas B Hiydes slassa\piveigHeBings Jeterss Priy/kg of
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can 5 e adinntisteradfidofagroatprhibrageohseudt tihe disédsd. mbidielingnd/ancamvantirdattie 1L-18
nhibitor caraipISaIRCb RiRRMaceAby. B0 kRSl TR BGUSIAERaL s TNF
simultaneou, r sequentially with other therapeutic 1, ns or agents (e.g. multiple dru
regimens), i'r?sélﬁ aer}egpgeourh%éi 3;' g \é%gi e éﬁrﬁ juh ? i%f'pglg%ggc\ﬁ/\ﬁaa% riﬁ?éﬁ%tr%ﬁeaﬂﬁjgﬁ & F and/or
10 another ittiuitdreansbtomtaganer siherpas Wic @geinilsiror bedidministatedxilaithe Bapending on the
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15 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 an
interferon and/or a TNF antagonist and/or a COX inhibitor with a pharmaceutically
acceptable carrier.

The invention further relates to a method of treatment of CNS injury, comprising

20 administering a pharmaceutically effective amount of an IL-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 contenis 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



itself can also be conceived (Shohami et al., 1999). Active agents that are administered
simultaneously with other therapeutic agents can be administered in the same or different
compositions. 15 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 an interferon and/or
a TNF antagonist and/or a COX inhibitor with a phagmnaceutically acceptable carrier. The invention
further relates to a method of treatment of CNS injury, comprising 20 administering a pharmaceutically
effective amount of an.IL-18 inhibitor to a patient in need thereof. All references cited herein, including
journal articfes \Griaus eaeisatinibreeiePeeiiFRinbidmants. Bitepubraiie sarermepitioaisfhasued U.S.
or foreign palgiisiy Ao HbejerdraeioncBpEs: fie RatEalYHRSRIRO ARk céatanaRtetiols including
all date, tables, figures.and i presenied B clledacierences, Addiionally, the et gantents of
the referenées Cited Within the references cfe\ghereln are Alsg entirel;? Incorporate %y reference.
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modify and/geRgam dmbriateHWH ARPKANRAGISHoPRRFIBRIRRI QRiME s ayithout undue
experimentation, without 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
disclos#d embodinttavisgbageddssatectb dbairgvanipguitianite e exeree cehdigininidestoode lty
gnc_ier_stood tBRk-ERePly @r%%ﬁ&)éiﬁ’é SERipRIOGYhareiprivigsd iy Wgﬁ_ﬁﬁtr%gﬁrmﬁpé‘re?‘f%{ not of
limitation, sucth tHaFtﬁh termﬁolo%ﬁ_}%r#)hrase,olo% of the present specification is to be interpreted by
the skilled alti§3A% ?g ‘?B’ﬁ N é%sgﬂtd'raﬁ e presented herein, in combination with the
knowledge of one of ordinary skill in the art. 10 Having now described the invention, it will be more
readily understood by reference to the following exgaaREdat are provided by way of illustration and

ren
are C)t15 Materials and Methods

Trauma model

The mice used in this study were males of age 8-16 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 IL-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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guidelines of the Institutional Animal Care Commitige of the Hebrew University of Jerusalem, Israel.
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described above, and the animals were decapitated in ether anesthesia at 4h (n=7), 24h (n=7), 5 and
7 days (n=7{"8) UMY iT RN desrshanarels dese et & phstibile fYEBPTINF thithe
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were injectefiozeR inHIddYfaeenpq stPpsd f@ﬁ@?ﬁe@féey%lhﬂ%&ﬂﬁ@éaomt@\eémm@p% a control
group to thewENF-dejeedesti into left (ipsilateral) and right (contralateral) hemisphere, in order to

allow a comparison of 1L-18 levels in the injured vs. non-injured hemisphere. Tissue
15  homogenization was performed with a Polytron (Kinematica, Kriens, Switzerland) using
a dilution of 1:4 in ice cold extraction buffer (W/W) containing Tris 50 mM (pH 7.2), NaCl
150 mM, Triton-X-100 1% (Boehringer Mannheim, Rotkreuz, Switzerland), and protease
inhibitor cocktail (Boehringer Mannheim). The homogenate was shaken on ice for 90
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 |L-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 caiculated 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.



animals. In all mice, the brains were immediately removed after decapitation, snap- frozen in liquid
nitrogen and stored at -70C until analysis. Brains from the trauma group were separated into left
(ipsilateral) and right (contralateral) hemisphere, in order to allow a comparison of IL-18 levels in the
injured vs. non-injured hemisphere. Tissue 15 homogenization was performed with a Polytron
(Kinematica, Kriens, Switzerland) using a dilution @§1:4 in ice cold extraction buffer (W/W) containing
Tris 50 mM (pH 7.2), NaCl 150 mM, Triton-X-100 1% (Boehringer Mannheim, Rotkreuz, Switzerland),
and protease inhibitor cocktail (Boehringer Mannheim). The homogenate was shaken on ice for 90
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nm. IL-18BP treatment protocol Male Sabra mice of the Hebrew Uniyersity strain (n=40) were used for
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mice were syhigeigddfcRmermseni@deflednirg®d with vehicle alone (PBS) after one hour, and

observed for 7 days for neurological assessment (see below). In group B ("study group", n=18), the
mice were injected i.p. with 50 sg IL-18BP 5 immediately after determination of the neurological score
at t=lh after CHI. Skved/dtioniboelhviagidabimeeaipwemieability is 5-6-fold increased between 1-4h post

CHI, as previously-getguaiagddnithsy SBB%E@&H%%H‘%@J%?%%I (et 199RbIIaidGRE s
available to the brain und rtrﬁﬁ%condltlons._ Two additiona %ﬁ%&gﬁsdof mice were treated according to

groups'® artPEElRY AR E (NS RSB I VRS hIeRIRRPY ated (Stahel et al., 2000).

The score consists of 10 individual clinical tasks on motor function, alertness,
and physiological behavior, whereby one point is given for failure of the task and zero
points for succeeding (Table 4). A maximal NSS of 10 points indicates severe
neurological dysfunction, with failure of all tasks, whereas a score of zero is achieved by

20  healthy uninjured 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 0/1



10 respectively) and decapitated after 48h, followed by brain dissection for evaluation of posttraumatic
edema, as described below. Evaluation of neurological impairment For assessment of posttraumatic
neurological impairment, a Neurological 15 Severity Score (NSS) has been previously developed and
validated (Stahel et al., 2000). The score consists of 10 individual clinical tasks on motor function,
alertness, and physiological behavior, whereby onepoint is given for failure of the task and zero

points for succeeding (Table 4). A maximal NSS of 10 points indicates severe neurological
dysfunction, with failure of all tasks, whereas a score of zero is achieved by 20 healthy uninjured mice.
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sid 0/1 Straight walk Alertness, initiative, and motor ability to walk straight. 0/1 Startle reflex Innate
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determiningAﬁgrtmiW the cerebellum and brainstem were removed and a cortical segment
of ~20mg, from an area bordering the trauma site and from it contralateral hemisphere

N EeuToO1o00g1Ca Y

was prepared. The right (non-injured) hemisphere was used as an internal control. The
10 tissue slices were weighed and dried for 24h at 95°C. After weighing the “dried”
sections, the percentage of brain water content was calculated as:

%H,0 = [(wet weight — dry weight) x 100] / wet weight.

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), admitted 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.



content in the injured hemisphere, as previously described (Chen at al. 1996). Briefly, 5 mice were
anesthetized as described above at 48h after trauma, which corresponds to a time-point at which
edema is still significant in this model system (Chen et al. 1996). After decapitation, the cerebellum
and brainstem were removed and a cortical segment of -20mg, from an area bordering the trauma site
and from it contralateral hemisphere was prepare@gThe right (non-injured) hemisphere was used as
an internal control. The 10 tissue slices were weighed and dried for 24h at 95C. After weighing the
"dried" sections, the percentage of brain water content was calculated as: %H20 = [(wet weight - dry

weight) x 100] / wetaUREHEOIBrHAN ARG RPAYYS Ten patients with isolated severe CHI (mean age
SD: 37 10 years; frgESR-and yeadicd roaias aachples eEhGi)patibmistdd=ttOheéreacwhecieision of the
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spinal tap (reiB)y Pesemriewmerelithmediiol siitidfededtrifensaliesiongigugisdans Bazrmadn normal
CSF values_gbhrsaigin «abiaseqaprifebtepiat l(dataalisSAavsp -didteerGil Waropessansplgycollection

was perfor r 10 days after trauma, ,ynless the ventricular catheter was ved earlier, e.g. in
cases Wherr]ﬁ%%% cﬁBe?g%aﬁre%ﬁ‘H‘g“noiﬁ%% Pa?hng?e fgnirgerﬁ_;r'ﬁ 'IlYg)a oarﬁ??}b(\;:ére\‘{' Sarg%gghog rss??%:st’otal of 106
matched C3iagdaserdi)-SAeriplethevanerivolrasey thalsensiivbagidtiefts!SAanaea RotMis adistudy. All
samples wejigsifHBed iaieboreskitapdrisesAalladirhodigiotsharpTegemabed in duplicate

15  samples at an extinction wavelength of 405 nm. For comparison of the IL-18 CSF levels

between CHI patients and controls, all concentrations below the detection limit of 5

pg/ml were assigned a value of 4.9 pg/ml.

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 (n=10), with 2 mean level of 27.7 + 1.7



-70C until analysis. Quantification of IL-18 levels in CSF and serum was performed by ELISA specific
for human IL-18 using commercially available kits (R&D Systems, Abingdon, UK). As for the murine
assay, the sensitivity of the ELISA was 5 pg/ml, and the final IL-18 concentration was calculated from
the mean OD determined in duplicate 15 samples at an extinction wavelength of 405 nm. For
comparison of the IL-18 CSF levels between CHI pgtients and controls, all concentrations below the
detection limit of 5 pg/ml were assigned a value of 4.9 pg/ml. Data Analysis 20 Statistical analysis of
the data was performed on commercially available software (SPSS 9.0 for WindowsTM). The
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p-value < 0.05 was considered to be statistically significant. 30 Results EXAMPLE 1: Intracerebral
IL-18 levels FhAtd aaiehanimas mgancustatistisaliu sigrificaRif =By &t ISA in brain homogenates of
untreated ("normally aentialmicgrolipheBB1 stradutisd @F GHh @suken itle\wdefted L-187281d SEM]
g/ In I XREr eI TS iclianal R ANeSINARR Alone a1, seppiaaion wih
"sham" operaﬁlon (e et anesthesia ancﬁ‘ongi Udinal sca p incision) resulted in significantly
elevated int@@ragialli respeetiestybta@4h 156.Agind. (" @566 oug; hagjralndesasgtively hefiar ('sham”

group, =13} a(ReRe YRV Tk 0dvels HeROnBalsigNftanPAlRAStHRRRTSI-Ehd ik e
difference between the "e%her" and "sham"-treated animals was not statistically significant (p=0.16). In
the trauma gF8AE (I3 1RAUSRAN of CHI resulted in elevated IL-18 levels both in the injured and in

the contralateral hémispiresé twithit ah 1606 Fierdeid! 59 ggrificantyineycasspelctingchyiyaceetitdb6.9 2.1
and 56.3 3. ng/mbnespesiMelydetiBlected in the injured hemisphere, as compared to ether-

anesthetized or sham-operated animals (67.6 + 5.1 ng/ml vs. 42.2 + 0.8 and 45.2 + 0.5

15 ng/ml, respectively; p<0.01), whereas the IL-18 levels in the contralateral hemisphere
were not significantly elevated above these two control groups (63.2 + 6.0 ng/ml;
p=0.06).

In order to 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 pl 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).
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10 trauma, however, the levels were not significantly higher compared to the "ether" or "sham" groups
(p>0.05). In contrast to this, by 7 days after CHI, a significant increase of the intracerebral IL-18
concentration was detected in the injured hemisphere, as compared to ether- anesthetized or
sham-operated animals (67.6 5.1 ng/mlvs. 42.2 0.8 and 45.2 0.5 15 ng/ml, respectively; p<0.01),
whereas the IL-18 levels in the contralateral hemisphere were not significantly elevated above these
two control groups (63.2 6.0 ng/ml; p=0.06). In order to assess the role of TNF, a crucial mediator of
inflammation in this trauma model (Shohami et al. 1999), with {Egard to the regulation of intracerebral
J
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recombinantrdidiain 10 id sterile PBS and sacrificed after 24h. As shown in Fig. 1, "mock” injection

with vehicle only ('Pr?@ré%ﬁ%eﬂms%@%"ﬁ{@%;m@%'QHQt” iRhibRIGACETaRLab mibhiviliiR=Adh. as
compared to untreated normal B6 mice (53.6 3.9 vs. 27.7 1.7 ng/ml; i§><0.001). 25 The injection of
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although in this case the difference was not statistically significant (p=0.45). 30 30 EXAMPLE 2:

Effect of IL-SRERARs AL eorRHas QiU Yt ikseers st mrifhanthinfidielBhvestigate the

hypothesis that_ inHbi@epftd-d&&a?ﬂgbtdaxuélitaiteam'maisewitm boahpérq?qrg, trecone ryridadifferent time
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Neurological Severity Score (NSS) at 1h oIIowmgi trauma reflects most accurately the magnitude of
the traifina SRevRdprEid e Nwehitnb-1BRAE BT iMfu et (Erde 9ath 9moies A1 /A HiRiBlogy. In

order to obtaitiZ)rpIgst 0f) A7eRIS YISZD MNRIAkE 308627 USSRV RdaRSIBERI tesgdttient)treatment
groups after.r;[gfeirjnitial N%?ag\{as eval&ag]eld att--1 h. As 10 shown in Fig 2 (NSS in IL-18BP (squares)

vs. Control C|r8%'s'3 (B%W%roup%ﬁ?garh Similar Yhitial NSS(1h) (7.69 0.3023 and 7.44 0.3627 control
and IL-18BP respeetRldgiion of NSS at later times (1-7 days) revealed that animals treated

intraperitoneally (i.p.) with IL-18BP exhibit considerably less neurological damage, as
15  evident by NSS values, that reached significance at 7 days post trauma (p=0.045).

The rate of recovery, expressed as ANSS (t) = NSS (1h) — NSS (t), was
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 1L-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 results 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 CH! and again

at 3 days.



indicating comparable severity of injury. ,Evaluation of NSS at later times (1-7 days) revealed that
animals treated intraperitoneally (i.p.) with IL-18BP exhibit considerably less neurological damage, as
15 evident by NSS values, that reached significance at 7 days post trauma (p=0.045). The rate of
recovery, expressed as ANSS (t) = NSS (1h) - NSS (t), was calculated. A higher value of ANSS
reflects greater recovery and a zero or negative ANSES 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 Whetha?fﬂ%a?ﬁ?gﬂfn\ﬁﬁh H?ni%ﬁﬁatﬁﬁ/eﬁqeat%a@&%ptﬁ?%ﬂﬂ/ «‘,%ﬁckseoéfﬂec?% UfPfe issue of
timing of treatménistigtioritichlilat@BEh fithére giynwiah shrowritybeafiéie ctbeedvireadgingmbeyond a few
hours. 25 SipggjkRAfLReEAIALRE 1B thik§ sl digrRmbitinAsttiarmfeiand treatment with IL- 18BP
given at 1 h 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 | h and at 3d with IL-1 813P. The
control group was EXANMBLEID Elevsddddht (§ddiele Jromiynarn@SEstites bfihimpxperiment are depicted in
Fig. 4, from which lL'iié:'fé%lQ]%?e %@s%%@ {FeALME BISEVaTY Aetiay, %éﬁwﬁ%&ffﬁﬁﬂ“ﬁ)a%%ﬁhg've” one

hour after CH] and again at 3 his experiment demonstrates the dramatic beneficial effect of
a one-time é(ﬂmlﬁ?é’ﬁéetﬁlf'bfqu_“%tglﬂ ?ﬁi@rﬂﬁ?&ﬁrﬂuﬂqﬁr%a?@'ﬁﬂfér dfeeerPRE 3AIAINGEA! recovery
from traumadiatd esdlprgseytad &m Etpebmental murine model. 5 EXAMPLE 3: Elevated IL-18 levels in
human CSF after brain injury IL-18 levels were assessed in daily CSF and serum samples from 10
patients with severe CHI for up to 10 days after trauma. The patients' demographic and clinical data

are pré€entd@ter ”30% ‘%g@%ﬁﬂ‘té Iibfeyae &:f‘Batlents W|th severe CHI a
Patient No. AGE58Y § L?‘Lgﬁﬁ g IL-18 iy éf @rﬁ%ender (p é}gﬁiﬂ‘ median

{Lagglec])STedlan [range] e 1 4§T M°3 1 283 [78-966] 57.5 Lwedna [range em 7 4 ranZ;é 19.7
1 48 /m 3 1 283 [78-966] 57.5 [12-66]
2 31/m 7 4 228.4 [22-745] 19.7 [4.9-108]
3 26/m 5 3 208.5 [20-392] 372  [14-163]
4 57 /m 5 4 72.6  [30-286] 48.9  [14-104]
5 24/ m 4 5 326  [4.9-155] 17 [4.9-58]
6 36/ m 8 1 49.4 [10-290] 16.7 [12-67]
7 38/f 3 4 17.9 [11-100] 13 [4.9-46]
8 35/m 3 3 69.8  [4.9-329] 19.8 (7-77]
9 37/m 3 4 37 [23-75] 57.3  [25-98]
10 41/m 7 5 4.9 [4.9-169] 262  [15-38]

Control CSF (n=5) 4.9 [4.9-7.8]

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/m.

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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or inflammatory neurological disease (p<0.05; repeated measures ANOVA). Only one patient (#10)
had IL-18 CSF levels, which were not significantly elevated as compared to 32 control CSF (p=0.31).
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samples in the trauma group, whereas anly 40% control CSF samples had detectable intracerebral
IL-18 levels (. SANEITRMAH. Jrtarrple ditrcgiehta! ihe! flsyrln fLeng Gon A dh EMR &Hignificantly
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Table 5. These results show that there are significantly ‘elevated levels of 8 in the cerebrospinal

fluid oﬂﬂaurﬁ%ﬂi%"ﬁl?dﬂ ST SARRFANS RETERAGRAING FEnEaRFefiogs I GSF, as shown in Table

These results show that there are significantly elevated levels of IL-18 in the
cerebrospinal fluid of traumatic head injury patients. The addition of IL-18BP may
reduce these elevated levels, and may thus exert its beneficial effect on recovery from

15  closed head injury, as shown in Example 2 above.
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CLAIMS 5 1. Use of an IL-18 inhibitor for the manufacture of a medicament for treatment and/or
prevention of traumatic brain injury, wherein the injury is closed head injury. 2. The use according to
claims 1, wherein the inhibitor of IL-18 is selected from caspase-1 (ICE) inhibitors, antibodies against
IL-18, antibodies against any of the 10 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. 15 3. The use according to claim 2, wherein the inhibitor of
IL-18 is an IL-18 antibody. 4. The use according to claifi&, wherein the IL-18 antibody is a humanized
IL-18 antibody. 20 5. The use according to claim 3, wherein the IL-18 antibody is a human IL-18
antibody. 6. The use according to claim 2, wherein the inhibitor of IL-18 is an IL-18 binding protein, or
a salt, an isoform, a mutein, fused protein, functionaleMMgive, active 25 fraction or circularly
permutated derivative thereof. 7. The use according to any of claims 2 to 6, wherein the inhibitor of

IL-18 Is calvcpsylajed it ong ormare stes, 30,8, haise acgordind o any qh elaims 2 lo-fyherein
the fused protein Comprisesan” immunoglobulin flglf usion. 9."Thé uSe according to any of claims 2 to
8, wherein the furrcaueatiefeal iaveratioriaiis &y | edstreinghe dnjugydstattsed treaténpirynore functional
groups, which 35 occur as one or more side chains on the amino acid residues. 37 10. The use

according to claim 9, wherein the moiety is a polyethylene glycol (PEG) mojety. 5 11. The use

according toZany SPth&$5H R84Sl bt sRe ditaluREe Biel-dBnhrsieetsd iffiheron, for

simultaneous, segaepdisd-dr (SeRanatibitors, b2tibbdiassegadesirilinig tacldiodi2d  agbiestiarpefitterferon is

interfergn-a or intgriegan. 10 13 LiMSHARTRIIBEHR ALY é’%i Pﬁ%ﬁq}{‘v%g!agmigéﬁ\‘!iﬁé%? fhe

medicament further comprises Tumor Necrosis Factor (TNF), for simultaneOus, sequential or separate
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.
15 3. The use according to claim 2, wherein the inhibitor of IL-18 is an |L-18 antibody.

4. The use according to claim 3, wherein the IL-18 antibody is a humanized IL-18

antibody.

20 5. The use according to claim 3, wherein the IL-18 antibody is a human IL-18
antibody. .

6. The use according to claim 2, wherein the inhibitor of IL-18 is an IL-18 binding
protein, or a salt, an isoform, a mutein, fused protein, functional derivative, active

25 fraction or circularly permutated derivative thereof.

7. The use according to any of claims 2 to 6, wherein the inhibitor of IL-18 is

glycosylated at one or more sites.

30 8. The use according to any of claims 2 to 7, wherein the fused protein comprises an

immunoglobulin (Ig) fusion.

9. The use according to any of claims 2 to 8, wherein the functional derivative
comprises at least one moiety attached to one or more functional groups, which

35 occur as one or more side chains on the amino acid residues.




use. 15 14. The use according to claim 13, wherein the TNF is TNF alpha. 15. The use according to
any of the preceding claims, wherein the medicament further comprises an anti-inflammatory agent,
for simultaneous, sequential or separate use. 20 16. The use according to claim 15, wherein the
anti-inflammatory agent is a COX- inhibitor, in particular a COX-2 inhibitor. 17. The use according to
any of the preceding claims, wherein the medicament further 25 comprises an antioxidant, for
simultaneous, sequential or separate use. 18. The use according to any of the preceding claims,
wherein the inhibitor of IL-18 is used in an amount 87 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 5 mg/kg of body weight or about 1 to 3 30

/kg of b ight. di - Of j | ' ~18
o s, AfmTarSS SRR esoan o6, THCTAS Heb ReSi g 5 Uy e BSeLAS dims,

wherein the IL-18WiBflitor is administered daily. 5 21. The use according to any of the preceding
claims, wherein the IL-18 inhibitor is administered every other day. 22. Use of a nucleic acid molecule

comprising Eﬂjec ing sequence of an inhipjtor of IL-18 in the manufactyre of . medic t for the
treatmeht and/or &835&%%"%‘@?8 t[?a%”r%é’t%%r f ?I’?JUIRQ. Q@'. & %'éegl]c%(?rmﬁ '?g@ﬁ?ﬁnﬁ%herein
the nucleic acid swhkwidesartlietertzmpicesinhdtseepesm cewientiaxpressivateeswr. 15 24. The use

according to claim 22 or 23 wherein the nucleic acid molecule is administered intramuscularly. 25.
Use of a vector for inducing and/or enhancing the endogenous production of an inhibitor of IL-18 in a
cell in the mEhufdERINSBRLTACITSINSIRIMH theviretaim dif IDEERIaMbISIRGERER h b PERRHEIR Drain
injury. 26. Use ofga cell that has been genetically modified to produce an inhibitor of IL-18 in the
manuf%:ture of a medicament for the treatment and/or prevention of traumatic

13. The use according to any of the preceding claims, wherein the medicament further
comprises Tumor Necrosis Factor (TNF), for simultaneous, sequential or separate

use.
15 14. The use according to claim 13, wherein the TNF is TNF alpha.

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

comprises an anti-inflammatory agent, for simultaneous, sequential or separate

use.
20
16. The use according to claim 15, wherein the anti-inflammatory ageﬁt is a COX-
inhibitor, in particular a COX-2 inhibitor.
17. The use according to any of the preceding claims, wherein the medicament further
25 comprises an -antioxidant, for simultaneous, sequential or separate use.
18. The use according to any of the preceding claims, wherein the inhibitor of IL-18 is
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 5 mg/kg of body weight or about 1 to 3
30 mg/kg of body weight.

19. The use according to any of the preceding claims, wherein the IL-18 inhibitor is

administered subcutaneously.



brain injury. 25 27. A Method for treating and/or preventing of traumatic brain injury comprising
administering to a person in need thereof an effective inhibiting amount of at least one of an IL-18
inhibitor, a nucleic acid encoding said inhibitor, a vector for inducing and/or enhancing the
endogenous production of an inhibitor of IL-18, or a 30 cell that has been genetically modified to
produce said inhibitor, wherein the injury is closed head injury.

38

20. The use according to any of the preceding claims, wherein the IL-18 inhibitor is

administered daily.

5 21. The use according to any of the preceding claims, wherein the IL-18 inhibitor is

administered every other day.

22. 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 of
10 traumatic brain injury.

23. The use according to claim 22, wherein the nucleic acid molecule further

comprises the sequence of an expression vector.

15 24. The use according to claim 22 or 23 wherein the nucleic acid molecule is

administered intramuscularly.

25. 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

20 and/or prevention of traumatic brain injury.

26. 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 traumatic
brain injury.

25

27. A Method for treating and/or preventing of traumatic brain injury comprising
administering to a person in need thereof an effective inhibiting amount of at least
one of an IL-18 inhibitor, a nucleic acid encoding said inhibitor, a vector for
inducing and/or enhancing the endogenous production of an inhibitor of I1L-18, or a

30 cell that has been genetically modified to produce said inhibitor, wherein the injury

is closed head injury.




