USE OF |1 L-18 INH BITORS I N HYPERSENSI TI VI TY DI SORDERS FI ELD OF THE

| NVENTI ON The present invention is in the field of allergies. Mre
specifically, it relates to the 5 use of an inhibitor of IL-18 for the
treatment and/or prevention of hypersensitivity disorders and in
particul ar of disorders involving del ayed type hypersensitivity reactions
of the human body. BACKGROUND OF THE I NVENTION 10 The term allergy or
hypersensitivity is applied when an adaptive i nmune response occurs in an
i nappropriate form Allergic or hypersensitivity reactions are the result
of normally beneficial immune responses acting inappropriately to foreign
antigens (usual |y USE/OF ARME INIRIBITORS GUBlYPERSENS AV YIIISBIRDERS cause
inflanmatory reactions and tissue damage. I n these situations, a normally
harmm ess environnmental 15 stinmulus, called an allergen, triggers an imune
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- antigens. Many classifications of hypersensitivity exist. Some are based on the time

required for symptoms or skin test reactions fo appear after exposure to an antigen

20 (e.g., immediate and delayed hypersensitivity), on the type of antigen (e.g., drug
reactions), or on the nature of organ involvement. Classifications are generally.
oversimplified and do not take into account that more than one type of immune
response may be occurring or that more than one type may be necessary to pro'duce
immuriological injury. The most widely used classification is the following:

25 Type | or immediate hypersensitivity is IgE-mediated. It is also called common
allergy. Immediate hypersensitivity (type 1) reactions are due to the binding between
antigen and IgE on mast cells or basophils.

Disorders with type | hypersensitivity reactions are also called. atopic diseases,
they include allergic rhinitis, allergic conjunctivitis, atopic dermatitis, allergic extrinsic

30 asthma, urticaria, systemic anaphylaxis, for example. The incidence of asthma has
increased markedly, although the causes are largely unknown. Recently, a marked
increase in typé | reactions has been noted in relation to exposure to water-soluble
proteins in latex products (e.g., rubber gloves, dental dams, condoms, tubing for

respiratory equipment, catheters, particularly among medical personnel and patients



exposed to latex and children with spina bifida and urogenital birth
defects. Commpbn reactions to latex are urticaria, angi oedens,
conjunctivitis, rhinitis, bronchospasm and anaphylaxis. Patients with
atopi ¢ di seases (including atopic dermatitis) usually have an 5 inherited
predi sposition for devel oping | gE anti body-nedi ated hypersensitivity to
I nhal ed and ingested substances (allergens) that are harnl ess to people
who are not atopic. Except in atopicodermatitis, |gE antibodies usually
medi ate hypersensitivity. Type Il or cytotoxic hypersensitivity involves
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graft rejec
20  or by macrophage phagocytosis, predominantly within the spleen. In vitro studies have

shown that in the presence of complement some complement-binding antibodies (e.g.
the blood group antibodies anti-A and anti-B) cause rapid hemolysis. Others (e.g. anti-
LE antibodies) cause a slow cell lysis; still others do not damage cells directly but cause
theiriadherence to and destruction by phagocytes. In contrast, Rh antibodies on red
25 blood cells do not activate complement, and they déstroy cells predominantly by
extravascular phagocytosis. Examples in which the antigen is a component of tissue are
early acute (hyperacute) graft rejection of a transplanted kidney, which is due to the
presence of antibody to vascular endothelium, and Goodpasture's'syndrome, which is
due to reaction of antibody with glomerular and alveolar basement membrane
30 endothelium. In experimental Goodpastdre‘s syndrome, complement is an important
mediator of injury, but the role of complement has not been clearly determined in early

acute graft rejection.



Exanpl es of reactions due to haptenic coupling with cells or tissue include
many of the drug hypersensitivity reactions (e.g. penicillin-induced

henol ytic anenmia, see below). Anti-receptor hypersensitivity reactions
alter cellular function as a result of the 5 binding of antibody to
menbrane receptors. In many di seases (e.g., nyasthenia gravis, G aves'

di sease, insulin-resistant diabetes), antibodies to cell nenbrane receptors
have been reported. In sone diabetic,patients with extrene insulin

resi stance, antibodies to insulin receptors have been shown, thus
preventing the binding of insulinto its receptor. In patients with
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20 complexes (ICs) appear to play some role are serum sickness due to serum, drugs, or
viral hepatitis antigen; systemic lupus erythematosus; rheumatoid arthritis; polyarteritis;
cryoglobulinemia; hypersensitivity pneumonitis; bronchopulmonary aspergillosis; acute
glomerulonephritis; chronic membranoproliferative glomerulonephritis; and associated
renal disease. In bronchopulmonary aspergillosis, drug- or serum-induced serum
25 sickness, and some forms of renal disease, an IgE-mediated reactlon is thought to
| precede the type Il reaction.
The standard animal models of type Ill reactions are the local Arthus reaction
and experimental serum sickness. In the Arthus reaction (typically a local skin reaction),
animals are first hyperimmunized to induce Iarge amounte of circulating IgG antibodies
30 and then are given a small amount of anfigen intradermally. The antigen precipitates
with the excess IgG and activates complement, so that a highly inflammatory,
edematous, painful local lesion rapidly appears (by 4 to 6 h) and may progress to a

sterile abscess containing many polymorphonuclear cells, and then to tissue necrosis. A



4 necrotizing vasculitis with occluded arteriolar |um na can be seen

m croscopically. No lag tine precedes the reaction because antibody is
present already. Type I, Il and Ill reactions are caused by anti bodies.
Type 1V reactions are caused by T-tynphocytes. 5 Type |V hypersensitivity,
I nvol ving cell-nmedi ated reactions, generally take 12 or nore hours to
devel op and are based on activated i mune cell networks. Inflammtion 1is
the basic tissue pattern and chronic jnflamuatory di sease nmay be the
result. Type IV hypersensitivity is also called del ayed-type
hypersensitivity (type IV) or DIH Reactions are nediated by
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20 may undergo differentiation into epitheloid cells or multinucleate giant cells. A collection
of these cells forms a granuloma. Local tissue damage is an unwanted side-effect of this
otherwise protective immune response. If the DTH response is absent or impaired,
however, T-lymphocytes are unable to localise the invading micro-organism and patients

develop invasive aggressive disseminated disease, such as acute tuberculosis.

25 Contact dermatitis to occupational and other antigens is also a type IV reaction.
Agents, which cause this are usually of comparatively low molecular weight (< 1 kD) and
not immunogenic on their own, instead, 'they are highly reactive molecules that bind
covalently to skin or tissue proteins. The sensitising chemical is known as a hapten and
the host protein it combines with as the carrier. The range of potential sensitising

36 antigens is wide. Two phases of pathogenesis are recognised:. the induction phase and

" the elicitation phase. In the induction phase, antigen-presenting cells in the skin, knqwn
as Langerhans’ cells, bind the hapten-carrier protein complex and present it to T- -
lymphocytes in association with MHC class Il antigen. Induction of T-cells may occur

after months of exposure to small amounts of antigen. Re-exposure to the relevant



| ynphocytes in association with MHC class Il antigen. Induction of T-cells
may occur after nonths of exposure to small anounts of antigen.
Re-exposure to the relevant 5 antigen triggers the elicitation phase where
effector cells mgrate to the skin to neet the protein conplex presented
by Langerhans' cells in the epiderms with consequent cytokine release and
skin inflammation. The diagnosis of the offending agent is nade by patch
testing. A suspected contact sensitizq{ is applied on the patient's back
and 5 covered for 48 hours. The reaction site is inspected after 2 and 24
hours. In a positive response there is inflammtion and induration at the
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lichenification caused by scratching or rubbing.

Often, eczema refers to vesicular dermatitis, but sometimes the term is restricted
20 eczema to mean chronic dermatitis. Some also refer to dermatitis as spongiotic
dermatitis because spongiosis (intraepidermal edema) is a histologic feature
Contact Dermatitis is an acute or chronic inflammation, often asymmetric or
oddly shaped, produced by substances contacting the skin and causing toxic (irritant) or
allergic reactions.
25 Diagnosis of hypersensitivitiy reactions depend on the type of reaction involved.
A type IV reaction can be suspected when an inflammatory reaction is
characterised histologically by perivascular lymphocytes and macrophages. Delayed
hypersensitivity skin tests and patch tests are the most readily available methods of
testing for delayed hypersensitivity.
30 To prevent exacerbation of contact dermatitis, patch tests are performed after
‘ the contact dermalitis has cleared. The suspected allergen. (in appropriate
concentration) is applied to the skin under a non-absorbent adhesive patch and left for
48 h. If burning or itching develops earlier, the patch is removed. A positive test consists

of erythema with some induration and, occasionally, vesicle formation. Because some



the contact dermatitis has cleared. The suspected allergen . (in
appropriate concentration) is applied to the skin under a non-absorbent
adhesive patch and left for 48 h. If burning or itching devel ops earlier,
the patch is renoved. A positive test consists of erythema with sone

I nduration and, occasionally, vesicle formation. Because sone 6 reactions
do not appear until after the patches are renoved, the sites are
re-inspected at 72 and 96 h. Hypersensitivity may al so occur as a reaction
to drugs. Before attributing a given “reaction to a drug, it should be
noted that placebos also may cause a wide variety of 5 synptoms and even
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drug therapy are usually due to hypersensitivity;, some cases of anemia,
20 thrombocytopenia, or agranulocytosis. Rarely, vasculitis develops after repeated
exposure to a drug (e.g. sulfonamides, iodides, peniciliin), and interstitial nephritis (e.g.
methicillin) and liver damage (e.g. halothane) have been reported in circumstances

consistent with development of specific hypersensitivity.

The most serious example of drug hypersensitivity is anaphylaxis. However, the

25 most common drug reaction, by far, is a morbilliform rash, again of unknown etiology.
Fever and urticarial reactions are also relatively common consequences of drug allergy.
When animal sera were used for therapy, serum sickness was a compliéation, but
animal sera are rarely used today. A serious serum sickness-like syndrome of unknown
‘pathogenesis without high levels of circulating IgG antibody but usually associated with

30  IgE antibodies can occur, especially with drugs such as penicillin.

Drug hypersensitivity reactions are based on the capacity of proteins and large
polypeptide drugs to stimulate specific antibody production by straightforward
immunologic mechanisms. Perhaps the smallest molecule that is potentially antigenic is
glucagon, with a molecular weight of about 3500. Most drug molecules are much
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cross-react with penicillin, so that penicillin-sensitive patients often react to them as well.
20 Cross-reactions occur with cephalosporins to a lesser degree. Treatment with a
cephalosporin should be started with great caution if the patient has a history of a
severe reaction (e.g. anaphylaxis) to penicillin.
Hematologic antibody-mediated (cytotoxic, type II) drug reactions may develop
by any of three mechanisms: In penicillin-induced anemia, the antibody reacts with the
25  hapten, which is firmly bound to the red blood cell membrane, producing agglutination
and increased destruction of red blood cells. In stibophen- and quinidine-induced
thrombocytopenia the drug forms a soluble complex with its specific antibody. The
complex then reacts with nearby platelets (the "innocent bystander” target cells) and
activates complement, which alone remains on the platelest membrane and induces cell
30 lysis. In other hemolytic anemias, the drug (e.g. methyldopa) apbears to alter the red
blood cells surface chemically, thereby uncovering an antigen that induces and then
reacts with an autoantibody, usually of Rh specificity.
Toxic-idiosyncratic and anaphylactic reactions are sufficiently unique in kind or in

tihe such that the offending drug is usually easily identified. Serum sickness-type
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drugs, most commonly hydralazine and procainamide. The syndrome is associated with

20  a positive test for antinuclear antibody and is relatively benign, sparing the kidneys and
CNS. Penicillamine can produce SLE and other autoimmune diseases, most notably

myasthenia gravis.

In 1989, an endotoxin-induced serum activity that induced interferon-y (IFN-y)

25 obtained from mouse spleen cells wés described (Nakamura et al., 1989). This serum
activity functioned not as a direct inducer of IFN-y but rather as a co-stimulant together

with IL-2 or mitogens. An attempt 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,

30 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 endoftoxin—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
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20 diabetes, which can be accelerated and synchronized by a single injection of
cyclophosphamide. IL-18 mRNA was demonstrated by reverse transcriptase PCR in.
NOD mouse pancreas during early stages of insulitis. Levels of I1L-18 mRNA increased
rapidly after cyclophosphamide treatment and preceded a rise in IFN-y ‘mRNA, and
subsequently diabetes. Interestingly, these kinetics mimic that of 1L-12-p40 mRNA,
25 resulting in a close correlation of individual mRNA levels. Cloning of the IL-18 cDNA
from pancreas RNA followed by sequencing revealed i'dentity with the IL-18 sequence
cloned from Kupffer cells and in vivo pre-activated macrophages. Also NOD mouse
magcrophages responded to cyclophosphamide with IL-18 gene expression while
macrophages from Balb/c mice treated in parallel did not. Therefore, IL-18 expression is
30 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
also expressed in. the adrenal cortex and therefore might be a secreted neuro-
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(IL-188P). IL-18BP is not the extracellular domain of one of the known |L18
receptors, but a secreted, naturall KlgCi rcul ati ng@grotel n. It belongs to a
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.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
20. homology to IL-18BP (Novick et al., 1999). IL-18BP is constitutively expressed in the
- spleen, belongs to the immunoglobulin superfamily, and has limited homology to the IL-
1 type Il receptor. Its gene was localized on human chromosome 11913, and no exon
coding for a fransmembrane domain was found in an 8.3 kb genomic sequence (Novick

et al., 1999). ‘
25 Four human and two mouse isoforms of IL-18BP, resulting from mRNA splicing
and found in various cDNA libraries and have been expressed, purified, and assessed
for binding and neutralization of IL-18 biological activities (Kim et al., 2000). Human IL-
18BP isoform a (IL-18BPa) exhibited the greatest affinity for IL-18 with a rapid on-rate, a
slow off-rate, and a dissociation constant (K(d)) of 399 pM. IL-18BPc shares the Ig
30 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, IL-18BPa and IL-18BP¢ neutralize IL-18 >95% at a
molar excess of two. IL-18BPb and IL-18BPd isoforms lack a complete Ig domain and
lack the ability to bind or neutralize iL-18. Murine 1L-18BP¢ and iL-18BPd isoforms,
possessing the identical Ig domain, also neutralize >95% murine IL-18 at a molar
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reaction in the animl as conpared to control animals. The invention
SUMMARY OF THE INVENTION

The present invention is based on the finding that treatment of mice with
20 inhibitors of I1L-18 in a model of type IV hypersensitivity results in an attenuation of the
hypersensitivity reaction in the animal as compared to control animals. The invention
therefore relates to the use of an IL-18 inhibitor for the manufacture of a medicament for
treatment and/or prevention of hypersensitivity disorders. The use of combinations of an
iL-18 inhibitor with an interferon and/or an inhibitor of TNF and/or inhibitors of
25 inflammation and/or anti-allergic drugs are also contemplated according to the invention.
In a further aspect, the invention relates to the use of an expression vector comprising
the coding sequence of an IL-18 inhibitor for the treatment and/or prevention of
hypersensitivity conditions. The invention further relates to the use of cells genetically
engineered to express IL-18 inhibitors for the prevention and/or treatment of

30  hypersensitivity disorders.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows that treatment with IL-18BP during challenge protects from contact
hypersensitivity (CHS). Mice were sensitized with DNFB at the back at day 0 and



therefore relates to the use of an IL-18 inhibitor for the manufacture of a
medi canent for treatnent and/or prevention of hypersensitivity disorders.
The use of conbinations of an [L-18 inhibitor with an interferon and/or an
i nhibitor of TNF and/or inhibitors of 25 inflammtion and/or anti-allergic
drugs are al so contenpl ated according to the invention. |In a further
aspect, the invention relates to the use of an expression vector conprising
t he codi ng sequence of an IL-18 |nh|b or for the treatnent and/or
prevention of hypersensitivity condi {fons. The invention further rel ates
to the use of cells genetically engineered to express IL-18 inhibitors for
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Circles: Saline in IL-18 KO mice; diamonds: {L-18BP in IL-18 KO mice; squares:
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Fig. 4 shows that IL-18BP does not reduce vascular leakage during CHS. CHSAwas
induced in C57BL/6 mice: To monitor oedema caused by the CHS reaction,

Evans Blue was injected i.v. 2 h prior to challenge with DNFB. Mice were

25 sacrificed 24h later and ears processed to extract the dye that had leaked from
the vasculature and accumulated in the surrounding tissue. Vascular leakage

was assessed as amount of dye per mg of dried ear tissue corrected for the
concentration of Evans Blue in the serum and expressed as the ratio of

challenged vs. control ear. While treatment with IL-18BP at day 4 and day 5

-30 reduced sWelIing to 56% of the vehicle treated control (left panel, p < 0.01), there
was no significant difference in- vascular leakage between these two groups.

Both groups showed significantly increased edema as compared to the non

sensitized control group (p < 0.05 and p < 0.01). As a further control, mice were



Evans Blue was injected Lv. 2 h prior to challenge with DNFB. M ce were 25
sacrificed 24h later and ears processed to extract the dye that had | eaked
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| eakage was assessed as anount of dye per ng of dried ear tissue corrected
for the concentration of Evans Blue in the serum and expressed as the
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The 20 cells obtained fromIL-18BP treated m ce produced only 45% of the

| FNy found in figWesS-cul tures of cells fromvehicle treated control animals.
Fig. #Asshows that |L-18BP treatnent reduces the nunber of IFNy producing
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from DNFB challenged ears were re-stimulated at 2 x 10° per well with plate-
‘bound anti—CD3 antibody. No further IL-18BP was added during the subsequent
24h culture period. IFN{ production was measured in triplicate by ELISA. The
20 cells obtained from IL-18BP treated mice produced only 45% of the IFNy found in

the cuitures of cells from vehicle treated control animals.

Fig. 7 shows that IL-18BP treatment reduces the number of IFNy producing cells in the
inflammatory infiltrate of the ear. Cell preparations from DNFB challenged ears
25 were stimulated with 50 ng/ml PMA* and 500 ng/mi lonomycin for 4h. Cytokine
secretion was blocked by the addition of 2pg/ml brefeldin A for the last 2 h of the
incubation. Cells were then subjected to multicolor immunofluorescent staining
for intracellular IFNy and surface antigens. The IL-18BP treatment reduced the
fotal number of cells positive for IFNy staining to 78% of the vehicle control. The
30 IFNy was produced by CD8 T cells and to a lesser extent by CD4 T cells. No
IFNy was detected in NK cells and ofT cells. (n.d., not detected; * Phorbol 12-

Myristate 13-Acetate)



25 were stinulated with 50 ng/ml PMA* and 500 ng/m | ononycin for 4h.
Cytoki ne secretion was bl ocked by the addition of 2g/m brefeldin A for the
last 2 h of the incubation. Cells were then subjected to nmulticolor

i mrunof | uorescent staining for intracellular IFNy and surface antigens.
The 1L-18BP treatnent reduced the total nunber of cells positive for |IFNy
staining to 78% of the vehicle control. The 30 I FNy was produced by CD8 T
cells and to a | esser extent by CD4 T cells. No [|FNy was detected in NK
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13- Acetate) 14 Fig. 8: IL- 18BP treat ment does not i mpair the recruitnent
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treat ment and{nof 5 pra@ieyWinph nodespeapgrompnsi tivity disorders. 20 Wthin the
context of the present-invention, the expressions "hypersensitivity

di sorder" and "allergic disorder" are used synonynously. Both terns relate
to disorders or reactions (EIEB;GEdP‘ﬂjDI\a@Fn'hlEppWEplrﬂme adapti ve i mmune
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Therefore, the invention relates to the use of an IL-18 ihhibitor for the .
‘manufacture of a medicament for treatment and/or prevention of hypersensitivity.
disorders.

20 . Within the context of the present invention, the expressions “hypersensitivity
disorder” and “allergic disorder” are used synonymously. Both terms relate to disorders
or reactions caused by an inappropriate adaptive immune response. Hypersensitivity
reactions are the result of normally beneficial immune responses acting inappropriately
to foreign antigens, such as e.g. usually environmental macromolecules, which may lead

25 to inflammatory reactions and tissue damage. In hypersensitivity disorders, a normally
harmless stimulus, the allergen, triggers an immune response, which upon re-exposure,
is re-activated to generate pathological damage.

Hypersensitivity disorders, as well as their clinical symptoms and implications
have been described in detail in the “Background of the invention” and the use

30 according to the invention relates to, but is not limited to, the hypersensitivity disorders
mentioned therein. ' '

In a preferred embodiment of the present invention, the hypersensitivity disorder

is selected from the group consisting of disorders with type | hypersensitivity reactions,



harm ess stinulus, the allergen, triggers an i nmune response, which upon

re-exposure, is re-activated to generate pathol ogi cal danage.
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20 Disorders with type Il hypersensitivity involve reactions in which antibodies

forming immune complexes with antigen. Circulating complexes activate complement,
attach to red blood cells, which are then phagocytosed in the spleen, leave the
circulation and trigger inflammation in tissue spaces. This reaction is called Arthus
reaction. Alternatively, complexes are phagocytosed by macrophages which present
25  antigen, release cytokines and activate B and T-cells. IgE, IgA, IgG, and IgM all form
complexes with antigen. Type lll reactions generally result from deposition of immune
complexes in tissues, particularly the skin, joints and kidneys. Chronic immune complex
nephritis accounts for most cases of glomerulonephritis in humans. According to the
invention, hypersensitivity disorders of type IlI comprise e.g. serum sickness due to
30 serum, drugs, or viral hepatitis antigen; SLE; rheumatoid arthritis (RA); polyarteritis;
cryoglobulinemia; hypersensitivity pneumonitis; bronchopulmonary aspergillosis; acute
glomerulohephriﬁs; chronic membranoproliferative glomerulonephritis; and associated

renal disease.



25 antigen, release cytokines and activate B and T-cells. IgE 1gA 149G
and IgMall form conplexes with antigen. Type Ill reactions generally
result from deposition of imrune conplexes in tissues, particularly the
skin, joints and kidneys. Chronic inmmune conplex nephritis accounts for
nost cases of gl omerul onephritis in humans. According to the invention,
hypersensitivity disorders of type IIl conprise e.g. serum sickness due to
30 serum drugs, or viral hepatitis antigen; SLE, rheumatoid arthritis
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‘used in surgical gloves, can give rise to T-cell mediated hypersensitivity reaction in
20  certain individuals. The offending external agents can be water-borne agents such as
dissolved salts and minerals, encountered for example in environmental, mining,
metallurgical and chemical manufacturing operétions.
In another preferred embodiment of the invention, the hypersensitivity disorder is
contact dermatitis or contact hypersensitivity. Contact dermatitis, also a type IV reaction,
25  is a reaction to occupational and other antigens. Agents eliciting contact dermatitis are
usually of coniparatively Ibw molecular weight (< 1 kD) and not immunogenic on their
own, instead, they are highly reactive molecules that bind covalently to skin or tissue
proteins. The sensitising chemical is called a hapten and the host protein it combines
with is called the carrier. Many haptens eliciting contact dermatitis are known. In order to
30 find out whether an individual will develop contact dermatitis against a given sensitizer, a
suspected contact sensitiser is applied on the patient's back and covered for 48 hours.
The reaction site is inspected after 2 and 24 hours. In a positive response there is

inflammation and induration at the test site.



contact dermatitis or contact hypersensitivity. Contact dermatitis, also a
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specificity to partially or s stantlal(y neutralize the IL-18 or ngIS binding site(s)
20 responsible for IL-18 binding to its ligands (like, e.g. to its receptors). An antagonist may
also inhibit the IL-18 signaling pathway, which is activated within the cells upon IL-
18/receptor binding. _ '
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,
25 suchas p,oiyclonal 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.
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
30 directed against any of the 1L-18 receptor subunits, inhibitors of the IL-18 signaling
pathway, antagonists of 1L-18 which compete with IL-18 and block the IL-18 receptor,
and 1L-18 binding proteins, isoforms, muteins, fused proteins, functional derivatives,

active fractions or circularly permutated derivatives thereof having the same activity.



I nhi bitors of I1L-18 action nmay al so be soluble IL-18 receptors or nol ecul es
m m cking the receptors, or agents blocking the IL-18 receptors, or |L-18
anti bodi es, 25 such as polyclonal or nonocl onal antibodies, or any other
agent or nol ecule preventing the binding of IL-18 to its targets, thus

di m ni shing or preventing triggering of the intra- or extracellular
reactions nediated by IL-18. In a preferred enbodi nent of the present

i nvention, the inhibitor of IL-18 is selected frominhibitors of caspase-1
(1CE), antibodies directed against IL1388, antibodies 30 directed agai nst
any of the IL-18 receptor subunits, inhibitors of the IL-18 signaling
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| L- 1813P, PW"HESS 'th the present invention, under
Muteins in accordance with the present invention include proteins encoded by a

20 nucleic acid, such as DNA or RNA, which hybridizes to DNA or RNA, which encodes an
IL-18BP or encodes a viral IL-18BP, in accordance with the present invention, under
stringent conditions. The term "stringent conditions” refers to hybridization and
subsequent washing conditions, which those of ordinary skill in the art conventionally
refer to as "stringent". See Ausubel et al., Current Protocols in Molecular Biology,

25 supra, Interscience, N.Y., §§6.3 and 6.4 (1987, 1992), and Sambrook et al., supra.
Without Iimitaﬁon, examples of stringent conditions include washing conditions 12-20°C
below the calculated Tm of the hybrid under study in, e.g., 2 x SSC and 0.5% SDS for §
minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x SSCVand 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

30 of ordinary skill in this art understand that stringency conditions also 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.



stringent conditions. The term"stringent conditions" refers to
hybri di zati on and subsequent washing conditions, which those of ordinary
skill in the art conventionally refer to as "stringent". See Ausubel et
al., Current Protocols in Mlecular Biology, 25 supra, Interscience, NY.,
6.3 and 6.4 (1987, 1992), and Sanbrook et al., supra. Wthout limtation,
exanpl es of stringent conditions include washing conditions 12-20C bel ow
the cal culated 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 f18r 15 minutes; 0.1 x SSC and 0.5% SDS
at 37C for 30-60 mnutes and then, a 0.1 x SSC and 0.5% SDS at 68C for
30-60 m nutes., Those 30 of in this art understand that
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sequences. BESTFIT uses the "local homology" algorithm of Smith and Waterman
20 (1981) and finds the best single region of similarity between two sequences. Other
programs for determining identity and/or similarity between sequences are also known
in the art, for instance the BLAST family of programs (Altschul S F et al, 1990, Altschul
S F et al, 1997, accessible through the home page of the NCBI at
www.ncbi.nlm.nih.gov) and FASTA (Pearson W R, 1990; Pearson 1988).
25 ~ Any such mutein preferably. has a sequence of amino acids sufficiently
duplicative of that of an IL-18BP, or sufficiently duplicative of a viral IL-18BP, such as to
have substantially similar activity to IL-18BP. One activity of IL-18BP is its cépability of
binding 1L.-18. As long as the mutein has substantial binding activity to IL-18, it can be
used in the purification of IL-18, such as by means of affinity chromatography, and thus
. 30 can be considered to have substantially similar activity to IL-18BP. Thus, it can be
determined whether any given mutein has substantially the same activity as IL-18BP by
means of routine experimentation comprising subjecting such a mutein, e.g., to a simple
sandwich competition assay to determine whether or not it binds to an appropriately
labeled 1L.-18, such as radioimmunoassay or ELISA assay.



prograns for determining identity and/or simlarity between sequences are
al so known in the art, for instance the BLAST famly of prograns (Altschul
S Fet al, 1990, Altschul S F et al, 1997, accessible through the hone
page of the NCBI at www ncbi.nl mnih.gov) and FASTA (Pearson WR, 1990;
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sufficiently duplicative of that of an IL-18BP, or sufficiently
duplicative of a viral IL-1 813P, such as to have substantially simlar
activity to IL-18BP. One activity of 20L-188P is its capability of binding
IL-18. As long as the nutein has substantial binding activity to 1L-18, it
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the insertions or ons on Involve a few am no acids c% under
thirty, apreferably under ten, and do not remove or displace amino acids which are critical to a
20 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

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

25
TABLE 1 :
Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser, Thr, Gly, Asn
30 Arg Arg, Gln, Lys, Glu, His
Leu' . lle, Phe, Tyr, Met, Val, Leu
Pro ' Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, Gln, Thr

Ala Gly, Thr, Pro, Ala



preferably under ten, and do not renove or displace am no adds which are
critical to a 20 functional conformation, e.g., cysteine residues. Proteins
and nuteins produced by such deletions and/or insertions cone within the
purvi ew of the present invention. Preferably, the synonynmous am no acid
groups. are those defined in Table 1. Mre preferably, the synonynmous am no
acid groups are those defined in Table 2; and nost preferably the
synonynous am no acid groups are thos 3 defined in Table 3. 25 TABLE |
Preferred Groups of Synonynous Am no Aci ds Amino Acid Synonynous G oup Ser
Ser, Thr, Gy, Asn 30 Arg Arg, G n, Lys, Glu Hs Leulie, Phe, Tyr, Met,
Val, Leu Pro Qy, a, Thr, Pro Thr r ) y, H's, Gn, Thr Ala
Gy, Thr, Pro, A avéil Val Met, M% ?yr "elli‘deeglv al dy Ala, Thr, Pro,
Ser, Ay lie Met, ®, Phe, Val, LeLNa,IT*‘éFFFﬁeSGFr@‘Y Met, Tyr, lie, Val, Leu,
Phe 5 Tyr Trp, Meje Phe, Ile, VaI M&UTyr [¥he, \,gyie@% Thr, Cys H's GQu,
Lys, Gn, Thr, Arg, Hs Gn du, Lys Asn, H's, Thr, Arg, Gln Asn G n,
Asp, Ser. Asn 10 L¥8Qu, Gn, H s, ApgietJy. "%é’ﬁ' tew Phgsn, Asp G u Asp,

Lys, Asn, Gn, HspArg, Gu Mt Phﬁ-p,Mét’ePhé’/qlblvé;,q_léu,W{ Trp Trp 15 TABLE

2 Cys Ser, Thr, Cys

His | Glu, Lys, Gin, Thr, Arg, His
Gin Glu, Lys, Asn, His, Thr, Arg, Gin
Asn Gln, Asp, Ser, Asn

10 Lys Glu, Gln, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, Gln, His, Arg, Glu
Met Phe, lle, Val, Leu, Met
Trp “Trp

15

TABLE 2
More Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group
Ser Ser

20 Arg His, Lys, Arg
Leu Leu, lle, Phe, Met
Pro - Ala, Pro
Thr Thr
Ala Pro, Ala

25 ' Val Val, Met, lle
Gly Gly
lle lle, Met, Phe, Val, Leu
Phe Met, Tyr, lie, Leu, Phe
Tyr Phe, Tyr

30 Cys Cys, Ser
His His, GIn, Arg
Gin Glu, Gln, His
Asn Asp, Asn

Lys Lys, Arg



More Preferred G oups of Synonynous Ami no Acids Am no Acid Synonynous
Goup Ser Ser 20 Arg Hi's, Lys, Arg Leu Leu, lie, Phe, Met Pro Ala, Pro
Thr Thr "Ala Pro, Ala 25 Val Val, Met, Ile dy Ay lie lle, Mt, Phe,
Val, Leu Phe Met, Tyr, lie, Leu, Phe Tyr Phe, Tyr 30 Cys Cys, Ser Hi s
Hs, Gn, A’A)g Gn @u, Gn, Hs Asn Asp, Asn Lys Lys, Arg 22 Asp Asp,
Asn GQu du, Gn Met Met, Phe, lie, Val, Leu Trp Trp 5 TABLE 3 Mbst
Preferred Groups of Synonynous Am no ids Amno Acid Synonynous G oup
Ser Ser 10 Arg Arg Leu Leu, Ile, Met““Pro Pro Thr Thr Ala Ala

Asp Asp, Asn
Glu Glu, Gin
Met Met, Phe, lle, Val, Leu
Trp Trp
5
TABLE 3
Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
10 Arg Arg
Leu Leu, lle, Met
Pro Pro
Thr  Thr
Ala .Ala
15 Val Val
Gly Gly
lle lle, Met, Leu
Phe Phe
Tyr Tyr
20 Cys Cys, Ser
His His
Gin Gin
Asn Asn’
Lys " Lys
25 Asp Asp
Glu Glu
Met Met, lle, Leu
Trp - Met
30 Examples of production of amino acid substitutions in proteins which can be

used for obtaining muteins of IL-18BP polypeptides or proteins, or muteins of viral IL-
18BPs, for use in the present invention include any known method steps, such as
presented in US patents 4,959,314, 4,588,585 and 4,737,462, to Mark et al; 5,116,943
to Koths et al., 4,965,195 to Namen et al; 4,879,111 to Chong et al; and 5,017,691 to



15 vVal val dy dy lielie, Met, Leu Phe Phe Tyr Tyr 20 Cys Cys, Ser
Hs Hs Gn Gn Asn Asn LysLysZSAspAsp Gu du Mt Mt, lie, Leu
Trip Met 30 Exanples of production of amino acid substitutions in proteins
whi ch can be wused for obtaining nuteins of IL-18BP pol ypeptides or
proteins, or nuteins of viral IL- 18BPs, for use in the present invention

I ncl ude any known nethod steps, such as presented in US patents 4,959, 314,
4,588,585 and 4,737,462, to Mark et al; 5,116,943 to Koths et al.,
4,965,195 to Nanen et al: 4,879,111 ©3 Chong et al: and 5,017,691 to 23
Lee et al; and lysine substltut ed proteins present ed I n US patent No.
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proterns, which nay prepared fromthe 1o functional groups which occur
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known i ngdagsart, and are included in the invention as long as they renmain
pharmaceutically acceptable, i.e. they do not destroy the activity of the

protein whi C*Fdn§t|&15b§érﬂraﬁ\}e%|‘ by uSédThéin dovet Brivatids\artiy-18BPs br 48ikaP, or
viral 1L, %188%:!)33 anJ1 thelr mutetlns and fused proteins, which may be prepared from the

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

15 These derivatives may, for example, include polyethylene glycol side-chains,
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
amines, N-acyl derivatives of free amino groups of the amino acid residues formed with

20 acyl moieties (e.g. alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free
hydroxyl groups (for example that of seryl or threonyl residues) formed with acyl
moieties. '

As "active fractions" of an IL-18BP, or a viral IL-18BP, muteins and fused
proteins, the present ‘invention covers any fragment or precursors of the polypeplide

25 chain of the protein molecule alone or ltogether with associated molecules or residues
linked thereto, e.g., sugar or phosphate residues, or aggregates of the protein molecule
or the sugar residues by themselves, provided said fraction has substantially similar
activity to IL-18BP.

The term “salts" herein refers to both salts of carboxyl groups and to acid

30 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 saits,
for example, sodium, calcium, ammonium, ferric or zinc salts, and the like, and salts with

organic bases as those formed, for example, with amines, such as triethanolamine,



confer toxic properties on conpositions containing it. 15 These derivatives
may, for exanple, include polyethylene glycol side-chains, which my mask
antigenic sites and extend the residence of an IL-18BP or a viral |L- 18BP
in body fluids. Qther derivatives include aliphatic esters of the carboxyl
groups, amdes of the carboxyl groups by reaction with amonia or with
primary or secondary amnes, N-acyl derivatives of free amno groups of
the am no acid residues formed with 20 acyl noieties (e.g. al kanoyi or
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segments or portions derived from different anlmal spemes Generally, the vanable

20  region of the chimeric antibody is derived from a non-human mammalian antibody, such
as murine monoclonal antibody, and the immunoglobulin constant region is derived from’
a human immunoglobulin molecule. Preferably, both regions and the combination have
low immunogenicity as routinely determined (Elliott et al., 1994). Humanized antibodies
are immunoglobulin molecules created by genetié engineering techniques in which the
25 murine constant regions are replaced with human counterparts while retaining the
murine antigen binding regions. The resulting mouse-human chimeric antibody
preferably have reduced immunogenicity and improved pharmacokinetics in humans
(Knight et al., 1993).
Thus, in a further preferred embodiment, 1L-18 antibody is a humanized [L-18
30  antibody. Preferred examples of humanized anti-IL-18 antibodies are described in the
European Patent Application EP 0 974 600, for example.
in yet a further preferred embodiment, the 1L-18 antibody is fully human. The
technology for producing human antibodies is described in detail e.g. in WO00/76310,
.W099/53049, US 6,162,963 or AU5336100. Fully human antibodies are recombinant



a lowtoxicity. Neutralizing antibodies are readily raised in animls such
as rabbits, goat or 15 mice by inmmunization with IL-18. Inmunized mce are
particularly useful for providing sources of B cells for the nanufacture
of hybridomas, which in turn are cultured to produce |arge quantities of
anti-1L-18 nonocl onal antibodies. Chineric antibodi es are imunogl obulin
nol ecul es characterized by two or nore segnents or portions derived from
di fferent ani mal species. Cenerally, the variable 20 region of the
chimeric antibody is derived froma néh-human mamal i an anti body, such as
muri ne nonocl onal anti body, and the inmmunogl obulin constant region is
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Therefore, in a preferred embodiment, the functional derivative comprises at
20 least one moiety attached to one or more functional groups, which occur as one or more
side chains on the amino acid residues. An embodiment in which the moiety is a
polyethylene glycol (PEG) moiety is highly preferred.
. In a further preferred embodiment of the invention, the inhibitor of 1L-18
comprises an immunoglobulin fusion, i.e. the inhibitor of IL-18 is a fused protein
25  comprising all or part of an IL-18 binding protein, which is fused to all or a portion of an
immunoglobulin. Methods for making immunoglobulin fusion proteins are well known in
the art, such as the ones described in WO 01/03737, for example. The person skilled in
the art will understand that the resulting fusion protein of the invention retains the
biological activity of IL-18BP, in particular the binding to IL-18. The fusion may be direct,
30 or via a short linker peptide which can be as short as 1 to 3 amino acid residues in
length or longer, for example, 13 amino acid residues in length. Said linker may be a
tripeptide of the sequence E-F-M (Glu-Phe-Met), for example, or a 13-amino acid linker
sequence comprising Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-Gin-Phe-Met

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



i mrunogenicity, or they are easier to produce in |arge quantities, or
easier to purify. The sequences of |L-18BP and its splice
variants/iisofornms can be taken from WO99/09063 or from Novick et al.,
1999, as well as fromKimet al., 2000. Functional derivatives of |L-18BP
may be conjugated to polymers in order to 15 inprove the properties of the
protein, such as the stability, half-life, bioavailability, tolerance by

t he human body, or imunogenicity. T% achieve this goal, 1L18-BP nay be

|l i nked e.g. to Polyethlyenglycol (PE f PEGyl ati on may be carried out by
known nethods, described in WD 92/13095, for exanple. Therefore, in a
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for exa ornms of Ig nolecules are also suitable for the
generation of Interferons may also be conjugated to polymers in order to improve the stability

20 of the proteins. A conjugate between Interferon B and the polyol Polyethlyenglycol
(PEG) has been described in WO99/55377, for instance.
In another preferred embodiment of the invention, the interferon is Interferon-f '
(IFN-B), and more preferably IFN-B 1a.
The inhibitor of IL-18 production and/or action is preferably used
25 simultaneously, sequentially, or separately with the interferon.

In yet a further embodiment of the invention, an inhibitor of 1L-18 is used in
combination with a TNF anfagonist. TNF antagonists exert their activity in several
ways. First, antagonists can bind to or sequester the TNF molecule itself with suificient
affinity and specificity to partially or substantially neutralize the TNF epitope or epitopes

30 responsible for TNF receptor binding (hereinafter termed “sequestering antagonists”).
A sequestering antagonist may be, for example, an antibody directed against TNF.
. Alternatively, TNF antagonists can inhibit the TNF signaling pathway activated by

the cell surface receptor after TNF binding (hereinafter termed “signaling antagonists”).



fusion proteins according to the present invention, such as isofornms |Ig&
or 1g&4, or 10 other Ig classes, like IgMor |1gA, for exanple. Fusion
proteins nmay be nononeric or nmultinmeric, hetero- or hononultineric.
Interferons are predom nantly known for inhibitory effects on viral
replication and cellular proliferation. Interferon-y, for exanple, plays
an inportant role in pronoting immune and inflammatory responses.
interferon p (IFN-j3, an interferon %*pe ), is said to 15 play an
anti-inflamatory role. The inventio herefore also relates to the use of
a conbination of an inhibitor of [1L-18 and an interferon in the
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amount of TNF Hgeshitddfoli€ oRERAYNF aédbptors are soluble and have been detected in
urine and serum as 30 kDa and 40 kDa TNF inhibitory binding proteins, which are called
20 TBPI and TBPII, respectively (Engelmann et al., 1990). The simultaneous, sequential, or
separate use of the IL-18 inhibitor with the TNF antagonist and /or an Interferon is
preferred, according to the invention. |
According to the invention, TBP | and TBPII are preferred TNF antagonists to be
used in combination with an IL-18 inhibitor. Derivatives, fragments, regions and
25  biologically active portions of the receptor molecules functionally resemble the receptor
molecules that can also be used in the present invention. Such biologically active
equivalent or derivative of the receptor molecule refers to the portion of the polypeptide,
. or of the sequence encoding the receptor molecule, that is of sufficient size and able to
bind TNF with such an affinity that the interaction with the membrane-bound TNF
30 receptor is inhibited or blocked. '
In a further preferred embodiment, human soluble TNF-RI (TBPI) is the TNF
antagonist to be used according to the invention. The natural and recombinant soluble
TNF receptor molecules and methods of their production have been described in the
European Patents EP 308 378, EP 398 327 and EP 433 900.



controls with no TNF or.only antagoni st (Tucci et al., 1992). Sequestering
antagoni sts are the preferred TNF antagonists to be used 10 according to
the present invention. Anmongst sequestering antagonists, those

pol ypeptides that bind TNF with high affinity and possess | ow

I mmunogenicity are preferred. Sol uble TNF receptor nol ecul es and
neutralizing antibodies to TNF are particularly preferred. For exanple,
soluble TNF-RI and TNF-RI | are useful_.in the present invention. Truncated
forms of these receptors, conpr|3|n92¥he extracel lul ar 15 domai ns of the
receptors or functional portions thereof, are nore particularly preferred
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mg/kg or about 1 to 3 mg/kg of body weight.
The IL-18 inhibitor according to the invention is preferably administered topically,
20 i.e. locally. For contact dermatitis, for example, the IL-18 inhibitor may be administered
directly onto the affected area of the skin.
In another embodiment of the invention, the IL-18 inhibitor is administered
systemically, and preferably subcutaneously or intramuscularly.
The invention further relates to the use of an expression vector comprising the
25  coding sequence.of an inhibitor of 1L-18 in the preparation of a medicament for the
prevention andfor treatment of hypersensitivity disorders. Thus, a gene thefapy
approach is considered in order to deliver the IL-18 inhibitor to the site where it is
required. In order to treat andfor prevent a hypersensitivity disorder, the gene therapy
vector comprising the sequence of an inhibitor of IL-18 production and/or action may be
30 injected directly into the diseased tissue, for example, thus avoiding problems involved
in systerﬁic administration of gene therapy vectors, like dilution of the vectors, reaching
and targetting of of the target cells or tissues, and of side effects.
The use of a vector for inducing and/or enhancing the endogenous production of

an inhibitor of IL-18 in a cell normally silent for expression of an {L-18 inhibitor, or which



COX-2 inhibitor, is used in conbination with an IL-18 inhibitor.
COX-inhibitors are known in the art. Specific COX-2 inhibitors are

di scl osed in WO 01/00229, for exanple. The active conponents nmay be used
si mul t aneously, sequentially, or separately. Hypersensitivity reactions are
frequently being treated with anti-allergic drugs 10 such as

anti hi stam nes, cronolyn, glucocorticoids or synpathom netics. Therefore,
the present invention further relategg to conbination therapy conprising an
inhibitor of I1L-18 and an anti-allergic drug. The use of an anti hi stam ne
and/ or cronolyn and/or a glucocorticoid and/or a synpathom netic for
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20 for prevention and/or treatment of hypersenS|t|V|ty dlsorders which comprise a
therapeutically effective amount of an inhibitor of iL-18 and/or a therapeutically effective
amount of an interferon and/or a pharmaceutically effective amount of a TNF inhibitor
and/or a pharmaceutically effective amount of an anti-inflammatory agent and/or a
pharmaceutically effective amount of ‘an anti-allergic agent, in particular an anti-
25  histamine. '
As inhibitor of IL-18, the composition may comprise caspase-1 inhibitors,
antibodies against IL-18, antibodies against any of the 1L-18 receptor subunits, inhibitors
of the IL-18 signaling pathway, antagonists of IL-18 which compete with {L-18 and block
the IL-18 receptor, and IL-18 binding proteins, isoforms, muteins, fused proteins,
30 functional derivatives, active fractions or circularly permutated derivatives thereof having
the same activity.
IL-18BP and its isoforms, muteins, fused proteins, functional derivatives, active
fractions or circularly permutated derivatives as described above are the preferred active

ingredients of the pharmaceutical compositions.



pronoters or enhancers, for exanple. The regul atory sequence nmay then be

i ntroduced 5 into the right |locus of the genone by honol ogous reconbi nation,
t hus operably linking the regulatory sequence with the gene, the expression
of which is required to be induced or enhanced. The technology is usually
referred to as "Endogenous CGene Activation" (EGA), and it is described e.g.
in WD 91109955. It will be understood by the person skilled in the art that
it is also possible to shut 1o down IL-18 expression directly, wthout
using an inhibitor of I1L-1S, with the3sane technique. To do that, a
negative regulation elenent, like e.g. a silencing elenent may be

I ntroduced into the gene Iocus of IL-18, thus |eadin own-re ulatlon or

prevention offhelinterres peregtsedin therpbapeacsiical kpmpasijio r'r°’ ‘Prﬁ raliy IFQlR-
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| L-18, thelciorr{pom tion may conprise caspase-1 inhibitors, antibodies

agai nst Y™ anti bodi es agai nst any of the IL-18 receptor subunits,
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compet e Wnldhubh okl @é‘ggmn%%ﬂ'e (1% riahfubRRCR Rty dichuds: tiherondl
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descri bedtoaisel seglfle anf dnisanasal Fatiesa Anyyethes cackes ST Miceut i cal
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'S pref ergsbslugs Iolr:|\lj)_yl:.gx=)ne therapy wherein a DNA molecule encoding the active agent is
administered to the patient (e.g. via a vector) which causes the active agent to be

20 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.

For parenteral (e.g. intravenous, subcutaneous, intramuscular) administration,

the active protein(s) can be formulated as a solution, suspension, emulsion or

25  lyophilized powder in assbciation with a pharmaceutically acceptable parenteral vehicle
(e.g. water, saline, dextrose solution) and additives that maintain isotonicity (e.g.
mannitol) or chemical stability (e.g. preservatives and buffers). The formulation is
sterilized by commonly used techniques. ' |

The bioavailability of the active protein(s) according to the invention can also be

30 ameliorated by using conjugation procedures which increase the half-life of the molecule
in the human body, for example linking the molecule to polyethylenglycol, as described

in the PCT Patent Application WO 92/ 13005. _
The therapeutically effective amounts of the active protein(s) will be a function of

many variables, including the type of antagonist, the affinity of the antagonist for IL-18,



In yet another preferred enbodi nent, the pharnmaceutical conposition
conprises therapeutically effective anmounts of an inhibitor of TNF al pha.
The pharnmaceutical conposition according to the invention may further
conprise one or nore COX- 5 inhibitors. The definition of "pharmaceutically
acceptabl e” is neant to enconpass any carrier, which does not interfere
with effectiveness of the biological activity of the active ingredient and
that is not toxic to the host to which it is admnistered- For exanple, for
parenteral administration, the activélprotein(s) may be formulated in a
unit dosage forn110 for injection in vehicles such as saline, dextrose
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vari abl es, 1nc agoni st e ant agoni st
for |IL- 19f its action, it is also preferred to admlnister it toplcally

20 In further preferred embodiments, the inhibitor of 1L-18 is administered daily or
every other day.

The daily doses are usually given in divided doses or in sustained release form
effective to obtain the desired results. Second or subsequent administrations can be
performed at a dosage which is the same, less than or greater than the initial or

25 previous dose administered to the individual. A second or subsequent administration
can be administered during or prior to onset of the disease.

According to the invention, the IH-18 inhibitor can be administered
prophylactically or therapeutically to an individual prior to, simultaneously or sequentially
with other therapeutic regimens or agenis (e.g. multiple drug. regimens), in a

30 therapeutically effective amount, in particular with an interferon and/or a TNF inhibitor
and/or another anti-inflammatory agent, such as a COX inhibitor and/or an anti-allergic
agent. Active agents that are admiﬁistered simultaneously with other therapeutic agents

can be administered in the same or different compositions.



31 any residual cytotoxic activity exhibited by the antagonists, the route
of adm nistration, the clinical condition of the patient (including the
desirability of mamintaining a non-toxic |evel of endogenous |L-18
activity). A "therapeutically effective anmount” is such that when

adm nistered, the IL-18 5 inhibitor results in inhibition of the biological
activity of I1L-18. The dosage adm nistered, as single or nultiple doses, to
an individual will vary depending upon a variety of factors, including

| L- 18 i nhi bitor pharmnmacokinetic prope¥dies, the route of administration,
patient conditions and characteristics (sex, age, body weight, health,’
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directly to the place of its action, it is also preferred to adm nister it

topically. 20 .1m ned; | R ,;ph%, i Dj qkl-18 is
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scope of the appended claims.

20 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
references; are entirely incorporated.by reference herein, including all data, tables, figures
and text presented in the cited references. Additionally, the entire contents of the
references cited within the references cited herein are also entirely incorporated by

25 reference.

Reference to known method steps, conventional methods steps, known methods
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

30 general nature of the invention that others can, by applying knowledge within the skill of
the art (including the contents of the references cited herein), readily modify and/or adapt
for various application such specific embodiments, without undue experimentation, without
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



can be adm nistered in the sane or different conpositions. 32 The
invention further relates to a nethod for the preparation of a
pharmaceutical conposition conprising adm xing an effective anount of an
IL-18 inhibitor and/or an interferon and/or a TNF antagoni st and/or a COX
inhibitor with a pharmaceutically acceptable carrier 5 The invention
further relates to a nethod of treatnent of hypersensitivity disorders,
conprising adm nistering a pharmaceutically effective amount of an IL-18
inhibitor to a patient in need thereo¥3 Having now fully described this
invention, it will be appreciated by those skilled in to the art that the
sane can be perfornmed within a w de range, of. equival ent parangters,
concent r &fsclgsed @ﬁ@%ﬂﬁ%@?&%&owﬁ%ﬁ '"ggB%P't"fj efpf%sr‘?]n{éﬁg'ggeﬂl' HF"? ?Oat??d scope
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or customary practice within the art to which the invention pertains and
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follows in the. scope of the appended clains. 20 Al references cited
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U S or forei WtRAent application, issued U S. or foreign patents or any
other referenceés, are entirely incorporated -by reference herein,
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r ef er enceto artedally epilied sensitigeian et hod st eps, conventional nethods steps,
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taught or suggetBauseneartiwellipg 4l fbataras usedorgsregls Hy éﬂi%(?ﬁsﬁ?t%l‘f’ of the
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undue experinmentatjon, wthaqu . 5 .
p(day 0). Five days later, 20 pl 0% 0.2% DNFB in the same vehicle was applied to the right

ears, and vehicle alone to the left ears. A
20 Either mice received daily, from day 5 to day 8, either 250 pg/mouse/day of rhlL-
18BP (recombinant human IL-18BP) or saline in the control group intraperitoneally (i.p.)
. (Fig. 1 A), or they received IL-18BP at days 0 to 2 (Fig. 1B). 4
- Ear thickness was measured with a dial thickness gauge (Mitutoyo Corp.,
Kawasaki, Japan), and ear swelling was estimated by subtracting the pre-challengé
25  from the post-challenge value, and by further subtracting any swelling detected in the
vehicle-challenged contralateral ear.
Ear swelling were measured at days 0, 5, 6, 7, 8, 9, 12, 14, 16.

Another model was used to generate the data presented in Fig. 4 to 6, see the

30 examples below. IL-18 binding protein (IL-18BP) was used to neutralize IL-18 during

experimentally induced contact hypersensitivity (CHS) to 2,4-Dinitrofluorobenzene
(DNFB). The experimental setup was as follows: '



departing fromthe general concept of the present invention. Therefore,
such adaptations and nodifications are intended to be within the neaning
an range of equivalents of the 33 disclosed enbodi nents, based on the

t eachi ng and gui dance presented herein. It is to be wunderstood that the
phraseol ogy or termi nology herein is for the purpose of description and
not of limtation, such that the term nol ogy or phraseol ogy of the present

specification is to be interpreted gthe skilled artisan in light of the
t eachi ngs and gui dance presented 5 he i in conbination with the
know edge of one of ordinary skill in the art. EXAMPLES Exanple 1:

| L- 18BP treat nent decreasgs Bonéa&enstﬂggtgrsenm tivity Methods 10 Murine

nodel s of experinmentally i'nd hypersensitivity (CHS) were used
in all exanples bel odpu PR BLRInin asptonpibolve ald4dlipeveiigeloarshavad | ing in

response to a |ocal backapplied sensitizer. The nouse ear-swelling test that

was used to generate the dat Ba geémgﬁ in 15 Figs. 1 to 3 (see below has
been described in detail i )[ e were

sensi t9 zed topi cal | yS#hP ﬁ)(%'ﬁgaﬂ?q‘ d8fsaba'?31%92‘ gl ﬁiﬁ%‘?ftt?‘%f'Q'ﬁS?‘bbenzene
(DNFB; Si gma Chem cabul@ehisiessaichi bh dorseinardoetoaieidel df ttes left bar(4: 1) to the
shaved abdonen (day 0). gl v a g)ﬁsréa%@r 20 pI of 0.2% DNFB in the sane
vehi cl e was appliedty‘é]tt ﬁ' cletalonetotheleft ears.
20 Either nice recei 8”&f£af Ckf‘?%‘%ﬁso%ve%s‘{r%" t/'a'@"a@"t her 250

fi g/ mouse/ day of rhi ExpréSB&tofe acipnisasaintsweling funjlof tigaehgest vssedritiok i n t he
contrgf group intrapggtoneally (i _p.) (Fig | A, or they received IL-1
813P at days 0 to 2 (Fig.,1 th asured with a dial

t hi ckness gauge (M tut 47(:0 6°r & s%%Fssfo}"QnsangF and ear swel|ing was
estinmated by dJobis @@ﬂ@lnéetswe"lm eeaéﬂﬁaptwﬁ@g @'ay Q@nfi ldé)‘r7 tlhd 8ﬁ(?§t“eéﬁ%ﬂzi3‘énge
val ue, angy dity injctibiey of 2304 A1 8BRY(iresline)pelr bihingl, détheraiueing sensitivation at

vehl cl e c e measured at days O,
5, Q@%%Qﬁg%@g@%%@kﬁéﬁﬁﬂé{%ﬁ %Yﬂg\'@d} eéc}gitd(l)é%gener ate the data
prese?ﬁed in Fig. 4 to 6, see the 30 exanples below 1L-18 binding protein
(I'L-1813P) was useqdsaitsneutralize IL-18 during experinentally induced

gggte?icﬁrem/gler :@{fﬁ%ﬁh&;’%@gﬁg@ @aﬁonsgg(&éyare Lét%%&é’c%% kin lnﬂa(nPN é:t%%s The

mediated by T cells. Most haptens give rise to an oligoclonal T-cell response consisting

‘mainly of CD8 * effector T cells, whereas CD4 * T cells have a downregulatory role in

20 the CHS response (Bour, H., et al. 1995; Grabbe et al., 1998). To test the role of IL-18

.in CHS, mice were epicutaneously sensitized with DNFB, and then challenged 5 days

later by hapten application to ear skin. Concomitantly with the hapten challenge, mice

were injected i.p. with either 250 pg/mouse/day rhiL-18BP or with saline. 1L-1 8BP, or

saline as control, was administered daily for 3 days, at days 5 to 8 after the first DNFB

25  sensitization (day 0). DNFB challenge at day 5 induced significant ear swelling in both

groups (Fig. 1 A). The extent of swelling in mice treated with.saline (triangles) was much

more pronounced than in mice treated with IL-18BP (squares), and went back to almost
normal state already at day 9. ‘

- The change of ear swelling observed with IL-18BP treatment at days 0 to 2 was

30 not statistically significant (Fig. 1 B). The timing of 1L-18BP administration seems to be

an important factor in order to obtain a beneficial effect of IL-18BP treatment.

35 Conclusion:



1. Day O: Sensitisation 251 DNFB (0.5%in acetone / olive oil (4/1) as
vehicl e) on shaved back 2. Day 5: Challenge 5 51 DNFB (0.2% each on
dorsal and ventral side of the right ear 511 vehicle each on dorsal and
ventral side of the left ear 3. Day 6 ff. readout Mnitor ear thickness as
a nmeasure of inflanmati on Express score as increase in swelling [pm of
chal l enged vs. control 10 ear 4. DaV 6 or 7: process ears for analysis In
this nodel, the swelling peaks bet day 6 and day 7. IL-18 was
neutralized by daily injections of Og IL-18BP (in saline) per aninal

ei ther during sensitisation at day 0, day | and day 2, or during chall enge

at day 4, day p.and .day d6mu11n$e ggg (;f%ontg‘&n{yﬁg,gemw/gmgﬁtdemgms r£sponses
(CHS) are hap?en Sp eC| ICcC S
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CD8 + ef S ,ﬁgﬂgﬁgm tréathefEhitiPa Rapten.a downregul atory role in
20 t he aﬁ%ﬁ@?ﬁ"é’@@w Bour, M., ?§?§al 1995: Grabbe et al., 1998). To test
the role of IL-18 in CHS, mce were epicutaneously sensitized with DNFB,

and then chald,gngfdo-5 flayspp lialehellyddmgtises @pRict ¢abeebnditvite aafteskd n.
Concomtantly wih the hapten challenge, mce were injected i.p. wth

ei t her mgm%mday rhlL-18BP or with saline. 1L-1813P, or saline as
control, was pdpddai stered daily for 3 days, at days 5 to 8 after the first
DNFB 25 sensitization (day 0). DNFB chal | enge at da{}/ g%tﬁ: ﬁ % ni fi cant
ear swel | i ng G37Bb M'CegW%fﬁp%e'\GlﬁF‘ﬁd by eRjcutapgaus, BRRIfRHIOG © 4 °n m ce

treated wg séﬁhérﬂ@n {Ho"draid] SisdonYaS(d8YI0)) Mideieeisdon Gkt challehdeawitti 20 m ce
treated wt squares), and went back to Im)st cﬁgqengﬁw@ate
t
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Mean values with SD for each group are presented in Fig. 2. Mice were treated daily
either with 250 pg/mouse/day IL-18BP i.p. (n = 5; Fig. 2 open squares) or with saline (n

15  =5; Fig. 2, closed squares from day 19 to day 23.

Result
As shown in Fig. 2, IL-18BP-treatment significantly reduced ear swelling in

particular after the second challenge with hapten.

20 Therefore, IL-18BP therapy is particularly suitable for the therapy of ,
hypersensitivity disorders, in which patients are usually repeatedly challenged with the
same allergen and need to be treated in order to overcome the inflammatory reactions

elicited by the challenges.

25 Example 3: _1L-18BP protects from CHS by neurtralizing 1L-18
In order to verify that the protection from swelling observed with the IL-18BP
treatment was due fo the neutralization of IL-18, 1L-18 deficient (KO) and wild type
C57BL/6 mice were compared for their ability to mount a CHS response. IL-18 deficient
mice do develop CHS to DNFB, although less pronounced than wild-type mice.
30  However, no effect of the IL-18BP treatment was observed in IL-18 deficient mice, as

shown in Fig. 3, indicating that the anti-inflammatory effect of IL-18BP in CHS was due

to neutralization of 1L-18 (n = 5 mice per group).



In this established murine nodel of contact hypersensitivity/contact
dermatitis, a three day treatnent with an inhibitor of IL-18 had a
significant beneficial effect on the extent of swelling/inflamation
elicited by treatnment with a hapten. 5 Exanple 2: |L-18BP treatnent
decreases contact hypersensitivity after a second chall enge Mt hods

C57BU6 M ce were sensitized by epicutaneous application of 25 1 of 0.5%
DNFB sol uti on on the shaved abdonen (gay 0). Mce received a first

chall enge with 20 10 | of 0.2% DNFB 3% the ears at day 5. At day 19, mce
received a second chall enge mnth DNFB.” Ear swelling was measured at days O
(hapt en sensi on) , y 7, 8, 9, 12, 14, 16,
19 (2nd haptekké ok L 91sf3 ucehel UQP ak ? Mean val ues with SD
for each grou&kﬂxﬁ_presented in F|g 2. Mce were treated daily either
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15 the vehicle treated control animals (n = 10 mice per group).

In vivo assay for vascular leakage (Evans Blue)
Principle: Injection (iv) of Evans Blue and extraction from target tissue (ear)
Raw data to assess:

20  Standard curve of Evans Blue (ODgx/ng)

o Evans Blue concentration in blood (ODgzo/ml or pg/ml, respectively)
e Dried tissue weight of ears (Ipsi and contralateral, mg)
e Evans blue content in ears (Ipsi and contralateral, ODg/pg or ng/mg,
respectively)
25
. Protocol in combination with DNFB induced CHS:
o at day 5 of experimentally induced CHS inject 100ul of Evans Blue iv
retroorbitally 2h prior to challenge of mice with DNFB
e injéct IL-18BP i.p. 1h prior to challenge
30 o at day 6 (24h after ear challenge with DNFB) measure swelling and sacrifice
animals
« take blood samples and process as follows:
o add 30 pl of serum to 970 p! of formamide (— 1/33 dilution)
o determine OD at 620 nm (— 1 ODjgy equals 33 ODg/ml)




caused by the CHS reaction, Evans Blue was injected i.v. 2 h prior to
challenge with 5 DNFB. Mce were sacrificed 24h | ater and ears processed
to extract the dye that had | eaked fromthe vascul ature and accumul ated in
the surrounding tissue. Vascul ar | eakage was assessed as anount of dye per
ng of dried ear tissue corrected for the concentration of Evans Blue in
the serum and expressed as the ratio of challenged vs. control ear. Wile
treatment with IL-18BP at day 4 and day 5 reduced swelling to 56% of 10 the
vehicle treated control (Fig. 4, |eff’panel, p < 0.01), there was no
significant difference in vascul ar | eakage between these two groups (Fig.
4, right panel). Both oups sho signjficantly jncreased oedena as
conpared td t'P%V%WS'?éWg[?WECé’&aa‘@@E%FST %B?Jesfﬁsﬁ‘)' 95 and p < 0.01). As a
further control o mirg@4het&°Created with 250 jig of the irrelevant protein
BSA per ani mal andytshineldtgseight ce devel oped CHS |ike 15 the 'vehicle

treated control a&iﬂg@%@né gf*r:ﬁ"égy -‘9‘210’@?%?’}%[(’9*3{?)98?9%%%3 ARsaysehor vascul ar
e

| eakage (Evans Bl ue rincrple™ ln | F anséql?hue ng extraction
from barget ti ssudilepteripmopadeby =aﬂ"tcﬁveé@§e‘§tss. FRT 18F SHYG O‘HE?‘?/ 0%t Evans
Bl ue (0OD6zo/ ng) Hipridgo Bbatao tertognt rati on in bl ood (OD62I M or g/n,
respectively)  Dried tiisepeseeh gt of ears (Ipsi and contralateral, np)
Evans blue content 1 n ears (|psi and contral ateral, QD626/g or ng/ny,
respectively) 25 Protocol in conbination with DNFB i nduced CHS: at day 5
of experi ment ¥alu dedayla®ds | nj ect 1001 of Evans Blue' iv retroorbitally

2h prjor to challengof mce with DNFB inject IL-18BP i.p. 1h prior to

chal l enge 30 at day Géé%l@{{ﬁ{eﬁﬁﬁér@t&gw%%h DNFB) neasure swel ling

and sacrifi Celealtigenls e ess as follows: o add 30
| of serumto 970 pl of ,fEmmmﬁﬁt@r@neenzraamssw on) o determne OD at 620
nm (-31 OD62-0 equals 33 OD620/m ) 37 harvest ipsilateral and

contral ateral ear and proces d emeraklr y 24h at 80C
Relative Ieakgge: Y R039edifbd &Perimemaldr y

leakagevehicle

15 Results:

Basically, two processes contribute to the swelling observed during the CHS
reaction: The leakage of liquid from the vasculature into the surrounding tissue causing -
edema, and the extravasation of inflammatory cells from the blood vessels to the site of
tissue damage. '

20 Using Evans Blue as a tracer, it was demonstrated that despite the overall
reduction of swelling the treatment with IL-18BP did not reduce vascular leakage (Fig.
4).

Example 5: IL-18BP treatment reduces the inflammatory infiltration abd IFNy
25  production of the DNFB challenged ear ‘
Methods
CHS was induced in C57BL/6 mice as described. The animals were IL-18BP or
vehicle treated at days 4 to 6. The IL-18BP treatment reduced the swelling to 58% of the

vehicle control at day 7. Mice were sacrificed at day 7, challenged ears collected, pooled

30 by group (n = 8) and enzyme digested to obtain single cell suspensions. Celis were
characterized by subsequent FACS analysis gating on CD45 positive live cells. The

. number of apT cells, NK cells, neutrophils and monocytes / macrophages found in the

7.5 mg/ml Evans Blue (Z 2129) in physiological NaCl, 100 pl, iv)



o determne dry weight o mnce and extract dye with 1 ml formam de, gently
shaking 24h at 55C 5 o filter to renove debris@ fill cuvettes, let sit at
RT for several hours to allow lipids to float to the top o determ ne QD at
620 nm Values to be calculated: 10 Evans Blue content per dry tissue
weight "g | Leakage: -> Evans Blue concentration in serum 100 * | eakage -
experinental Relative | eakage: -> | eakage vehicle 15 Results: Basically,
two processes contribute to the swelling observed during the CHS reaction:
The | eakage of liquid fromthe vascuP8ture into the surrounding tissue
causing edenmm, and the extravasation of inflammtory cells fromthe bl ood
vessels to the site of tissue damage. 2 i B tracer,. it
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5: IL- 185'30%“(8 tment reduces the inflammatory infiltration abd IFNY 25
product i 8?{ 7°T'he DNFB chal | enged ear Methods CHS was induced in C57BL/6
m ce as descridradeashiteenemhibitNg presiuetidnl_cglBBbtained fiaeh DNFE dheliengediears days 4

to 6. _The |L-11 P,t t r ' N Ya\f ehicl e
cont r B g{areofg%/ﬁ qg{ﬁﬁj gég\%e@%§%¥§'Wﬁ€'8{leo @Q?nl}id?%h% 'P‘g‘ﬁ’g%@ ﬁé'gr%g IL(:-\c/)l I :act ed,
pool ed 308BYy vHsoa@dedn darir) treendussegyend 2ihgedtueel pedod biFAY rereduttjpre weael |

suspensi ons. [1.s we acterized by subsequent FACS anal ysis gating
on CD45 H@gF‘fr%@tf'?l%{egnglé‘gg’&’rhe number of a(3T cells, NK cells,

neut rophi | s a@ell pepecfives fiomBbliFB pialimmefi czanel Were siipulated. 8ithh§0 mo/mvans Bl ue
Excpr oss6Ms P 08 tBAaBhoriftiytof 4 ieian iy EEILIBAEH BY T ARRoA" ©
10  of 2ug/ml brefeldin A for the last 2 h of the incubation. Cells were then subjected to
multicolor immunofluorescent staining for intracellular IFNy and surface antigens. The
IFNy was produced by CD8 T cells and to a lesser extent by CD4 T cells. No IFNy was
detected in NK cells and 8T cells. (n.d., not detected; * Phorbol 12-Myristate 13-
Acetate)
15
Preparation of single cell suspension
Enzymatic digestion of mouse ears to obtain single cell suspension was based
on protocols of Schuler,G. and Steinman,R.M. (1985) and Stingl et al. (1983).
20 1. cut ears, pool 5 ears per preparation

2. rinse with 70% ethanol

3. split with the aid of forceps ‘

4. place dermal side down on 7.5ml of HBSS ' at 37°C

5. add 5mi of 2.5% Trypsin 2 (10x) to obtain a final conc. of 1%

6. incubate 35 min at 37°C -

7. transfer ear halves dermal side down to a nylon sieve (cell strainer) placed in
10ml HBSS / 80%FCS on ice and gently mesh to disiodge cells from
extracellular matrix

8. remove sieves with big debris

30 9. wash 2x with cold HBSS / 10%FCS

10. count cells

25

® Sample preparation filter Whatman 5pm PTFE mesh, #6984.0350
1 Hanks Balanced Salt Solution without Ca?* and Mg?* (GIBCO# 14170.070)
20 5% Trypsin / EDTA (10x) (GIBCO#35400-027)



these cell types after 1L-18BP treatnment relative to the vehicle control was

al so cal cul ated. For neasurenent of |FNy production, cells obtained from DNFB
chal l enged ears 5 were restinulated at 2 x 105 per well with plate bound
anti-CD3 antibody. No further IL- 18BP was added during the subsequent 24h
culture period. IFNy production was neasured in triplicate by ELI SA Cel
preparations from DNFB chal | enged ears were stinmulated with 50 ng/m  PMA* and
500 ng/ M lononycin for 4h. Cytokine secretion was bl ocked by the addition 10
of 2glm brefeldin Afor the last 2 h @fy the incubation. Cells were then
subjected to nulticolor inmunofluorescent staining for intracellular |IFNy and
surface antigens., The |FNy was produced by CD8 T cells and to a | esser extent
by CD4 T cells. FNesldnblyswas detected in NK cells and yST cells. (n.d., not

detected; * Phonbol LMoot Rod e RALRLP), o SuREaRaN Bl opnal < nol e cel

suspensi on Enzymati gge?stl 0] ears to o In single cell suspension
was based. on grdt8d8I SlEPERAINEr , G and Steinman, R M (1985) and Stingl et
al. (1983). 20 3. adtipg&iOsBlogedD ninears per preparation 2. rinse with 70%

et hanol 53_ spl ity WdiRinliltBitiRidyfie t&RBRatbn wih kel Bilectli@gafi@wn on 7.5n  of
'Fr%/ﬁ;()fél 392 1 Ox).to obtain a final conc. of 1%
f

HBSS at 37C 5. add Em ?f 2.3(%?
25 6. incubate 35 TRKEEO! BiRFess TG r hal ves dermal side down to a nylon
sieve (cell straimnashZsl aced in 10m HBSS / 80%CS on ice and gently mesh to
di sl odge cells fr Oﬁﬁauieé((bb&ci@? totdi avedt®by FXC8. renove sieves with big debris 30
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Results:

To examine the inflammatory infilirate at the site of challenge, single cell
suspensions prepared from naive and challenged ears were analysed by FACS, gating
on CD45+ live cells (Fig. 5). The CD45+ cells present in the naive ear were shown to be

15 mainly y8T cells and dendritic cells of the skin. The inflammatory infiltrate 24h after
challenge was composed 6f CD8 and CD4T cells, neutrophils, monocytes and NK cells,
increasing the total nﬁmber of CD45+ cells in the ear by about two fold. Correqunding
to the reduction in swelling, IL-18BP treatment reduced the overall number of leukocytes.

_ infiltrating the site of challenge. This affected all the different cell types of the

20 inflammatory infiltrate. The reduction amounted to between 20% and 40% depending on
the cell type.

Further characterisation of the quality of the infiltrate obtained from the ears of
IL-18BP treated mice revealed an impaired IFNy production upon anti-CD3 restimul.ation
(Fig. 6). FACS analysis showed that the IFNy was mainly produced by CD8 T cells and

25 to a lesser amount by CD4 T cells.. Interestingly, NK cells and y8T cells did not
contribute to the IFNy production (Fig. 7).

Example 6: IL-18BP daes not impair recruitment of Langerhans cells

Method:
30 Mice were painted with the hapten FITC (50ul of a 4mg/mi solution) or the

vehicle acetone / dibutylphtalate (1:1) onto the right and left flank, respectively. Inguinal
ilymph nodes were collected 24h after the painting. Hapten conjugated Langerhans cells
could be detected by FACS as FITC+, CD11c+ cells in the lymph node draining the

31% Bovine Serum Albumin in Phosphate Buffered Saline



FAGS analysis 1. resuspend cells in FAGS staining buffer 3, all subsequent
steps on ice 2. use 106 cells per staining 3. add 1g FC-Block, 10 mn 5 4.
add anti-CD45 antibody in conbination with anti bodi es directed agai nst

markers of interest, 1 g each, 30 mn 5. wash 2x 6. acquire 0.5 x 106 total

events by FAGS 7. anal yze specific markers after gating on CD45+, live
cells 10 Results: To examne the inflanmatory infiltrate at the site of
chal | enge,” single cell suspen5| ons epared from naive and chal | enged ears
wer e anal ysed by FAGS, gating CDZf{§+ live cells (Fig. 5). The CD45+

cells present in the naive ear were shown to be 15 mainly yST cells and
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two fold. Corresponding to the reduction in swelling, IL-1 813P treatnent
reduced the overall nunber of | eukocytes. infiltrating the site of

chal | enge. ThR&sWEtected all the different cell types of the 20
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Saline prior to the painting did not change the number of hapten carrying LC present in the

15 draining lymph node 24h after the painting (Fig. 8). Therefore, there is no major
_contribution of IL-18 to LC trafficking in this model.

Example 7: [L-18BP reduces the extent of delay type hypersensitivity in

another murine model of [_)HT
20 ' . Methods
Delayed-type hypersensitivity

Mice are sensitized by intravenous injection of 10° BALB/c splenocytes, and
challenged on day 5 with 13 x 10° BALB/c spienocytes (50 ul PBS) in the right footpads.
Control left footpads receive 50 pl PBS. Right footpad swelling is calculated on different

25  days by subtracting the prechallenge value and any swelling measured in left footpads
from the postchallenge value.

For adopfive transfer experiments, cell suspensions from lymph nodes of BALB/c
splenocyte-sensitized or untreated control animals are depleted of B220* and CD8" cells
by incubation with rat anti-mouse B220-FITC and CD8-FITC, followed by separation in -

30 MACS columns with paramagnetic anti-FITC microbeads (Miltenyi Biotech, Auburn,
California, USA). Eluted CD4" T cell-enriched preparations are injected into the tail vein.
of recipient mice (2 x 107 cells/mouse) After 16 hours, mice are challenged by injecting
13 x 10° BALB/c splenocytes (without red blood cells) into the right footpads and

swelling is monitored throughout the following days.



40 FITC painted flank, but not in the contral ateral |ynph node draining
the flank painted wth vehicle only. (n =5 draining | ynph nodes per
group) Results: 5 The migration of Langerhans cells (LC) carrying antigen
to the draining |ynph - node is dependent on the proinflanmmtory cytokines
IL-1(i and TNFa and regul ated by caspase-1 (Antonopoulos et al., 2001;
Kimber et al , 1992). Accordingly, I1L-18 has been inplied to contribute to
LC trafficking (Cunberbatch et al., 2001). Therefore, treatnent wth

| L- 18BP mi ght inpair LC recruitnent 4hd therefore reduce the i mune
response to 10 DNFB during the chall engi ng phase. To test this hypothesis,
mce were paigted with the hapten FITC or the vehicle onto the right and
| eft flank, rg%%gctively. Skin draining inguinal |ynmph nodes were

col | ect ed 24hDalfyeer typd drypersensitivily 48HT) fseelistierbby Gi34"F Tells witlelabparg@r | ynph
node ass tFRHg [ ' = ; +3¥h prior
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chal | enge n ﬂa¥ 5 with 13 x 106 BALB/c spl enocytes (50 pi PBS) in the

ri ght foéeigaeiging thedpetpad syelting #tgdi 94t recei ve 50 pi PBS. Right foot pad
swelling is.calculated on different 25 days by subtracting the prechal |l enge
val ue and any swelling neasured in left footpads fromthe postchall enge
val ud? For adoptive transfer experinents, cell suspensions from|ynph nodes
of BALB/c splenocyte-sensitized or untreated control aninmals are depleted
of B220' and CD8' cells by incubation with rat anti-nouse B220-FI TC and
CD8- FI TC, foll owed by separation in 30 MACS colums w th paramagnetic
anti-FITC m crobeads (MItenyi Biotech, Auburn, California, USA). Eluted
CD4' T cell-enriched preparations are injected into the tail vein of
recipient mce (2 x 107 cells/nouse). After 16 hours, mce are chall enged
by injecting 13 x 106 BALBIc splenocytes (w thout red blood cells) into
the right footpads, and swelling is nonitored throughoutthe follow ng
days.



41 Result Delayed type hypersensitivity (DHT) is elicited by CD4" T cells
wi th apparent downregul atory effects of CD8" T cells (G abbe et al.,
1998). The behaviour of CD4' T cells frommce treated with IL-18BP is
studied in a DTH nodel. C57BIJ6 aninmals are 5 sensitized byintravenous

i njection of 106 all ogeneic BALB/c splenocytes. Five days later, 13 x 106
BALB/ ¢ spl enocytes are injected into the right footpads, together with
either 10 ng/kg reconbi nant human IL-18BP i.p. or vehicle. Local

i nflamration i s neasured by determ‘f‘ﬁng the footpad swelling at 24 hours.
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5. The use according to claim 4, wherein the moiety is a polyethylene glycol (PEG)

moiety.

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

7.  The use according to claim 6, wherein the interferon is interferon-p.

8. The use according to any of the preceding claims, wherein the medicament further
30 comprises an inhibitor of Tumor Necrosis Factor (TNF) for simultaneous, sequential

or separate use.

9. The use according to claim 8, wherein the inhibitor of TNF is TBP | and/or TBP II.

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

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



7. The use according to claim®6, wherein the interferon is interferon-(L1.
8. The use according to any of the preceding clains, wherein the nedi canent
further 30 conprises an inhibitor of Tumor Necrosis Factor (TNF) for

si mul t aneous, sequential or separate use. 9. The use according to claim8,
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20
16. 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
and/or prevention of a type IV hypersensitivity disorder, wherein the inhibitor of IL-
18 is selected from IL-18 binding protein (IL-18BP), an isoform, mutein, fused
25 protein, functional derivative, or active fraction thereof having a similar activity as IL-
18BP.

17. Use of a cell that has been genetically modified to produce an inhibitor of IL-18 in

the manufacture of a medicament for the treatment and/or prevention of a type IV

30 hypersensitivity disorder, wherein the inhibitor of IL-18 is selected from 1L-18 binding
protein., an isoform, mutein, fused protein, functional derivative, or active fraction

thereof having a similar activity as IL-18BP.

18. A method of treatment and/or prevention of a type IV hypersensitivity disorders, the
35 method comprising administering an IL-18 inhibitor to a subject, wherein the IL-18
inhibitor is selected from IL-18 binding protein, an isoform, mutein, fused protein,

functional derivative, or active fragment thereof having similar activity as IL-18BP.



t hereof having a simlar activity as |IL-18BP. 18. A nethod of treatnent

and/ or prevention of a type IV hypersensitivity disorders, the 35 nmethod
conprising adm nistering an IL-18 inhibitor to a subject, wherein the IL-18
inhibitor is selected fromIL-18 binding protein, an isoform nutein, fused
protein, functional derivative, or ac %ve fragment thereof having simlar
activity as IL-1 8131P. 46 19. A neth of treatnent and/or prevention of
a type IV hypersensitivity disorders, the method conprising adm ni stering a
vect or conprising t he codi ng sequence of an 5 inhibitor of IL-18 to a
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20. A method of treatment and/or prevention of a type IV hypersensitivity disorders, the
method comprising administering a cell that has been genetically modified to
produce an inhibitor of IL-18 to a subject, wherein the inhibitor of IL-18 is selected
from IL-18 binding protein, an isoform, mutein, fused protein, functional derivative,

15 or active fraction thereof having a similar activity as IL-18BP.



