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HIGH AFFINITY SOLUBLE INTERLEUKIN-18 RECEPTOR.

This application claims the benefit of tae filing date of U.5. Provisional
application Ser. No. 60/219,447, filed July 20, 2000,

Field of the Invention
This invention relates, e.g., to sofuble multimeric, including beterodimeric,

texleukin 18 (TL-18} recaptor molecules.

Background of the Invention

Imterleukin-18 {IL-18), formerly called IFN-v {interferon gamma)-inducing
factor, is a cytokine which exhibits many biological activities. These biological
activities are medigted by the binding of IE~16 molecules 1o cell suriace, or plasma
membrane, receptors on cells, €.g., activated T- or NK-cells. 1L-18 receptoss
comprise at least two subunits: [1-18R (also known as IL-iR-related protein, IL--
1Rrp, IL-18Rw, 2171 or the “binding chain™} snd AcPL (also known as accessory
protein-like, TL-18-AcPL, IL-18RB or the “signalling chain”). There is a need for
agents which bind to IL-18 with high affinity. Such agents can be used, e.g;',, o
detect [1.-18 in a sample or w treat pathological conditions mediated by I1-18, &.2.
by interferiog with the binding of IL-18 o IL-18 receptors located oo the surface of

cells.

Description of the Invention
This invention relates, £.g., to soluble, multimeric [L-18 recepror polecales
(sIL-18R}, comprising at Yeast two subumits, onc of which comprises an extracellular
damain, Of 2 fragment or variant thereof, of e receptor IL-18R, and another of
which comprises an extracellular domain, or a fragment or variant thereof, of the
receptor AcPL, wherein said soluble receptor molecules bind to [L-18 with 2 higher
* affinity than does either the FL-18K o1 the AcPL palypeptide, alope. Preferably, the

JP 2004-512026 A 2004.4.22
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sIL-18R exhibit high affinity binding t¢ I1.-18. In a prefeired embodiment, the
soluble IL.-18 receptor is helerodimeric, comeining twe different subunits as
deseribed above.

By “soluble” multimeric receptor is meant herein a multimeric receptor,
each of whose subunits comprises part or ail of an extracellvlar domain of 2
Feceptor, but lacks part or all of e iransmembrane domain which normally retains
the full lengih receptor in the cell membrane. Thns, for example, when such a
salubie Teceptor or one of fis subunils is produced recombinantly in a mammalian
cell, il can be secreted from the recombinant host cefl throogh the plasma
membrang, rather than remainng at the surface of the cell. In general, a saluble
receptor of the invention is soluble in ap aqueons solution. Howewver, under certain
conditions, the receptor can be in the form of an inclusion body, which ig readily
solubilized by standard procedures. By “multimeric™ or “heteromuliimeric” is
eant comprising rwo or mare different subumits. A “heterodimeric” receptor
contains two different subuomits.

In a preferred embuodiment of the invention, one subunit of 2 heterodimeric
TL~18 receptor exhibits ene or more of the biological functions (activities) of I1.-
18R, and the other exhibits one or more of the biokogical fanctions (activities) of
AcPL. The term, a “biological activity™ of 1L-18R, as used herein, means the
ability to bind to IL-18, at least th some extent, and/or to modulate (¢.g., echance,
chenge} the dinding of ACPL, or another molecule, iy [L.-18. The term, 2
“biclogical activity™ of AcPL, as used herein, means the ability to bind, at least o
some extent, to 11-18, and/or to modulate (e.g., exhance, change) the birding of IL-
18R, or another molecule, to IL-18. Other polypeptides, or fragments or variants
thereof, which bind to JL-18, and/or which modulats such binding, ace also
encompassed by the inveation. ’

By “high affinity binding’ is meant berein about 100 pM to about 1 nM. By
“low af{inify binding™ is meunt berein about 10 to abont 100 nM. See Example 4

for a description of some assays for measuring 1L-18 binding.

JP 2004-512026 A 2004.4.22
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In one embodiment of the invencion, TL-18R- and AcPL-containing subunits
are associated by chemical eress-finking.

Ty another embodiment, IL-18R and AcPL subunits are associaled via
moielies, such as peptides, for example lencine zipers, portions of antibody
molecnles, or the like, whick are appended 10 soluble portions of IL-18R and AcPL.

1o apother embodiment, IL-18R and the AcPL subunits form (are present in)
a single poiypeptide claim.

This inveniion also relates to a method for detecting T1.-18 in & sample which
may contain TL-18, comprising contacting the sample with u soluble, heterodimeric
IL-18 recepior as abave wiich is labéled. and detecting the label.

This invention also rejates w0 4 method of treating or preventing a condition
(.., a pethological condition) associated with expi'ﬂssion of IL-18, including
EXCESSiVE O inappropriate amounts thereof, and/or with excessive Or inappropriate
activity of cells possessing IL.-18 receptors, comprising administering to 2 patient in
need of such treatment an effective arnount of a soluble, heterodinteric [L-18

receptor as above.

The soluble, nultimeric 1118 recepioss of the invention can be prepared in
any suitable manner, ¢,g., by preparing ibe subonits individeally and then
associating them, or by prepari.ng. a macromadecule which already comprises the
subunits. Although it is to be unsersiood that any receptor poiypeptide which binds
1o [L-18 and/or which modulares the hinding of & polypepiide to IL-18 is
encempassed by the invenlion, for ctarity this application disclosure is focused
primerily oo the receptors [L-18R and AcPlL.

TL-18R and AcPL have: been characterized, cloned and sequenced from both
murise and human sources, and have been purified from many of them; and they
have heen al least characterized from other mammalian species such as, 2.g.,
‘bovine, porcine and various non-human primate sources. For procedures to purify.
manjputare and/or clone IL- 18R and AcPL, and/or for a disclosure of their

JP 2004-512026 A 2004.4.22
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sequences, see, £.g., Dinarello (1999). £ Allergy Ciin. uuung!. [03, 1124,
Torigoe ef al. {1997} J. Biol. Chem. 212, 25, 7¥1-742; Parnet et al. {1996). J. Biol.
Chem. 271, 3%67-70; EPs 864 585 and 850 952, W097/31010; U.S. Patent
5.776,731; or Greenfeder ef al. {(1995) J. Binl. Chem. 270, 13,757-765; or Born et
al. (1998), J. Biol. Chem. 273, 20,445-450. ]

Functional domains of 1L-18R and AcPL have beex identified. For example,
at least ane isolaze of human T1-18R. comprises a sigral peptide (aming acid -19 10 -
1}, followed by an extracellular domiin (amino acid 1-310), a iransmembrane
Tegion (amine acid 311-332) apd a cytoplasmic domain {armino acid 333-522) (WO
§7/31010). Az least one isolate of human AcPL comprises a signal peptide (amino
acid -14 1o -1), followed by uan exmacellular domain (amrina acid 1-342), a
transmembrané region (amuo acid 343-367) and a cyteplasmic domain (anmne acid
368-585) (Born et al. (1998) J. Biol. Chem. 273, 29 445-50) A subunit of a
soluble, heterodimeric recepror of the invention can comprise, in addition to an
exftracelivlar domaic 61‘ a fragment thereof of IL-18R or AcPL, sequences from the
signal sequence, the transmembrane region, and/or the cytoplasmic domain of the
receptor, or fragments of these regions, provided that biolagical activity as defined
gbove iz retained and the molecale remaine soluble. These moieties need not be in
the same linear arrangement or relative orientation. as in the wild type melecule, and
they cun comprise internal deletions. A receptor subunit of the invention can
contain all or part of a signal peptide sequence, or mone at all. A mojecule
containing an extracelular domain of IL-18R or AcPL and, optionally, one or mere
other maicties from the respective receptor polypeptide chains as defined above,
wherein the melecuie is soluble and exhibits activiry as defined above, is designated
herein as & “soluble portion af a receptor.”

To isolute soluble portions of receptor polypeptides, one cau, using
conventional, art-recognized procedures such a those disclosed in the abuve
references, begin by isolating substantially fuli-length receptors. Substantially full-
length IL-18R or AcFL cau be isolated from a variety of in vivo sources (¢.2., from

JP 2004-512026 A 2004.4.22
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lung, spleen, epitheliat celis, endothelial cells, interstitial cells, chondrocytes,
monocytes, gramulocytes, lymphocytes, neurocytes, eic.), from established cell lines
which express one or both of the proteins {e.g., hematopoietic cells, incinding
fymphocytes, peripheral blood T cells and NK. cells}, from lymphoma ceils which
secrete one or both of the receptors or fragments thereof, or from recombinant cells
which express and, opticnally, secrete the polypeptides. By “substantially full-
length” is meant containing ali or nearly all of the receptor domaing described
above, Subsequently, one can lsokite soluble portions of the substantially fuil-length
proteins. For example, a soluble portion can be cleaved from 2 full lepgth receptor
polypeptide, whether of not it is bound to a cell, with one o more proteolytic
enzymes (g.g., peptidases or proteases, such as trypsin, chymotrypsin, pepsin,
bromeiain, papain, boving enterokinase, collagenase, factor IX, polyubiguitin
processing enzyme, or the 1ike) or by chemical cleavage {e.g., with cyanogen
bromide, ew.). Nanually occurting soluble forms of the receptors (e.g., “decoy”
receptors) can alse be used 6o generate heterodimeric soluble receptors, Of course,
one or mare of the receptor domains can be pfcpared individually, as described
above, and then joined to other domains, using art-recoguized procedurss, to form u
“sofble portion of a receptor.™ ’

Alternatively, soluble portions of ejther of the receptors can be prepared
recombinanily, using conventional rm:ﬂicxls. As an initial step, polynucleniide
fragments (¢.g.. DNA fragments) encoding such soluble portions are gencrated by
any of a variety of provedures. For example, they cap be cleaved from larger
polyoucleotides (e.g., genomic sequences, cDNA, or the like) with appropriate
Testriction enzymes, which can be selected on the basis of published sequences of
human and murine [L-18R (sec, .g., Parnet ef al., supra and U.8. Pat. 5,776,731}
or human and murine AcPL (see, 5., Born o @, , suprad. o another embodiment,
polysucleotide fragments encoding such soluble portions can be generated by PCR.
amplification from longer templates, by selecting appropriate prir.ners based on

published sequences such as those above. Methods of PCR amplification, including

JP 2004-512026 A 2004.4.22
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the selection of primers. conditions for amplification, and cloning of the amplified
fragments, are conventional, See, e.z., mis, MLA_ ef al., ods. PCR Profecols: a
gurde to methads and applications, 1990, Academic Press, San Diego, CA and Wu et
ol., ¢ds., Recombinant DNA Methodology, 1989, Academic Press, Sen Diego, CA. In
another embodiment, polynucleotide fragments encoding sueh soluble partions can
be generated by chem.i&:a.l synthesis. Combinations of the above recombinant of
non-recombinznt methods, ot other conventional methods, can also be employed.
Of course, polyamecleotide frapments corresponding to one or mere of the recepror
domains cap be prepared individually as described above and then joined to
fragments encoding other domains, using att-recognized procedures, to form a
polyneclentide which corresponds to a “seluble portion of & receptor.”

{Opce 2 polynuclectide encoding & soluble portion of IL-18K. or AcPL has
been isolated, it can be cloned into any of a variety of expression vectors, undet the
contral of a variety of regulatory elements, and expressed in 2 variety of cell types
s hosts, including prokaryotes, yeast, and mammalian, insect gr planc cells, or in a
transgenic, noo-buman animal. In a preferred embodiment, the expressed soluble
pertions arc secreted by the cell; either the natural or a heterologous leader
sequence (sigaal peptide) can be employed to facilitate secretion.

Methods of cloning nucleic acids are routine and conyentional in the art.
For general references describing methods of mc;]e.ml.‘u biology which are
mentioned in this application, 2.g., isolating, cloning, modifying, labeling,
manipulating, sequencing and otherwise treating or apalyezing nucleic acids and/or
proteing, see, e.g., Sambrook, 1. &f of, (1989). Molecwlar Cloming, @ Laboratory
Manual. Cold Harbor Laboratory Press, Cold Spring Harbor, NY; Ausobel, F.M.
et . (1995), Current Pratocols in Molecular Biology, N.Y ., Ioha Wiley & Sons;
Davis et ol. (Y986}, Basic Methods in Moleculgr Biology, Elsevir Sciences
Pubhishing,, Inc., New York; Hames er ¢f. {1985}, Nucleic Acid Hybridization, 1L
Press; Dracopoli, N.C. et al. Current Protocols in Human Genetics, John Wiley &

Sans, Inc.; and Coligan, 1.E., ef af. Cirrent Protocals in Protein Science, Iohn

JP 2004-512026 A 2004.4.22
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‘Wiley & Song, Inc. Othey references which, in addition, disclose methods
specifically drawn to cloning and characlerizing recepter proteins include, e.g.,
U.5. Patent Mos. 5,919,903, 5,536,657 and 3,776,731, EP 864 583, and WO
731010,

Nucleic acid encoding soluble recepiors or subunits thereof can also be
cloned into plants or animals (e.g., murine species, rabbits, cows, pigs, goats, non-
human primates or the }ke) to generate transgenic sﬁeci.es; and the products
expressed from the transgenes can be iselated. Methods to make and use transgenic
organisms for this purpose are routine and are described, 2.g., in Hozan ef al.,
(1986} Manipularing The Mouse Embryo, Cold Spring Harbor Press; Krimpenfori ef '
al., (1991} Bio/Technology 9, 86; Palmiter ef gl., (1985) Cell 41, 343; Kraemer ef o,
(1985) Genetic Manipularion of The Early Manmnafian Emdryo, Cold Spring Harbor
Labaoratory Press; Hamumer ef o/, (1985) Nature 315, 680; Purcel et of., {1986)
Seience 244, 1281; Wagner et al., U.B. Patent Ne. 5,175,385; and Krimpenfort ez of.,
.S, Patent Me. 5,175,384,

“IL-18R" and “AcPL” receptors and soluble portions thereof of the
invention encompass a variety of variants (derivatives) or fragments of wild type
buman or raurine receptors, cither naturally ocourring or deliberately -generated,
wherein the changes do not substantially alter the normal function of the
polypeptides, a5 defined elsewbere heretn.

Such variant polypeptides exhibit subgtantial identity to‘comparable portions
of wild type murine or human receptors. The term “substantial idenlity” or
“substantial similarity” as used herein indicates that a polypeptide (or 2 nueleic acid)
comprises a sequence that bas at least abouf 90% sequence 1denlity to a reference
sc«i_uanm, or preferably ot least sbout 95%, or more preferably at least about 98%
scquence identity to the reference sequence, over a comparison window of at least
ghont 10 to gbout 100 or more amiro acids residues or nucicotides, An fndication that
twir polypeptide sequences are substantially identical is that one protein is

immunologically reactive with antibodies raised against the second protein. An

JP 2004-512026 A 2004.4.22
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indication that two pucleic acid sequences are substantially jdentical is that the
pelypepiide whick the fust nucleie acids encodes i3 inmmunclogically oross reactive
with the polypeptide encaded by the seeond nuclels acid.

Variant pelypeptides of the inventioh inelude polypeptides having one or vaore
naturally-securing (e.g., through natura) mutation) or pon-naturally-cccurring (e.g.,
by deliberate modification, such as by site-divected mutagenesis) modifications, e.g.,
insertions, deletions and/or substitutions, either conservatve or non-conservative. By
“conservative substitutions” is meant by cornbinations such as Gly, Ala; Val, Ile, Leu;
Asp, Gl Asn, Ging Ser, Thr; Lys, Arg; and Phe, Tyr. Varianis can incinde, e.g.,
homelogs, muteins sod mimetics. Many types of protein modifications, including
post-translational modifications, are inchuded. Posttranslational modificetions inchude
naturally ocowmzing or synthetically produced, covalent or aggregative conjugates with
other chemical moieties, e.g., glycosyl groups, lipids, phesphates, acetyl groups, etc.,
as well as cleavage, such a3 of tem:li.nai- amine acid(s). See, e.g., modifieations
hisclosed m U.S. Pat. No. 5,935,835, The mrvenhon also <ncommpasses vanants such
as polypeptides in which cysteine residues which zre ponessential for biojogical
activily are deleted or replaced with other amine acids, thereby preventing the
formation of incorrect intramolecular disulfide bridges; paturally ecourring variants
arising from allernative TRNA splicing events; and sliered forms reflecling genstic
polymarphism {e.g, allelic variation). “Fragments”™ of the receptor polypeptides can
be of any length, and from any portion of the polypeptide, provided that the tuncated
molecules retain the desired biological activity, .

Solukle heterodimeric recepiors of the invention, or subunits thersof, can
comprise moisties coupled 10 ot incorporated into at least one of the polypeptides,
which can be useful for therapeutic purposes or for detection. Detectable moictics can
be, .z, radinisotopes, radienuclides, phosphorescent and fluorescent entities,
Fioluminesceni markers, or the like.

The invention also relates to a nucleic acid corresponding 1o a subunit of a

saluble, heterodimeric receptor of the vention (e.g., a fusion protein) or fo a
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single chajn soluble heterodimeric receptor. Such a nucleic acid can comprise both
coding sequences and regulatory sequences which govern their expression. The
nucleic acid sequence corresponding to a mofety of such a heteradimeric receptor
{e.g., a soluble portion of & purine or human IL-18R or AcPL receptor, or a
peptide linker) exhibits substantial identity to the nucleie acid encoding the
corresponding wild type molecule. Properties which confer “substantial idemity™
upon two nucleic acids are defined above. A further indication that two nucleic
acids exhibit substantial identity is that the two motecules hybridize to sach other
under selected high stringent conditions. High stringent conditions are sequence-
dependent and will be different with different environmental parameters. Generally,
high stringent conditions are selected to be about 5°C. 10 20°C. lawer than the
thermal meling point (T} for the specific sequence at a defined {onic Qxan_gth and
pH. The T,, is the temperature {under defined ionic sirength and pH) at which 50% of
the target sequence hybridizes ¢ 2 perfectly matched probe. Typically, high stringent
conditions will be those ln which the salt concentration is at least about 0.2 malar ar
plF 7 and the temperature is at least about 60°C.

. A nucleic acid of the invention can include one ar nrote nafurally- or non-
naturally-oocutting modifications, mutations, polymerphisms, etc.; and the nucleic
acid can differ from its wild type counterpart with regard to base composition,

reflecting the degeneracy of the genetic code.

A variety of conventional, art-re¢oguized methods can. be used to associate
{e.g., bind, covaiently or non-covalently; couple; attach; eross-ink; join; connect)
wo (or more) different subunits o forrm a soluble heterodimeric {or multimeric) I~
18 receptor molecnle. Typical metheds of generating, purifying and characterizing
salable .hete:odime\ric or wultimeric receplors are disclosed, e.g., in WO97/31010;
WOB9/37772; 11.8, Pat Nos 5,919,903; 5,470,952; Croze et al. (19%6) Ewr.
Cyroking Nevwork, Firet Joiot Meeting of the ICS and ISICR; and Arduini er al.
(1999} Protein Science 8, 1867-77. The general catepories of methods which can be
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used to associate subunits to form the soluble heterodimers of the invention inciude,
e.g., 1) coupling the snbunies by chemical cross-linking, 23 appending a moiety,
such as a peptide, to the schuble portions of IL~-18R aud AcPi. 10 farm fusion or
hybrid proteins, and then joining the fusion of hybrid proteins via the eppended
moieties; and 3) linking soluble portions of {L-18R and AcPT. to form a single
poiypeptide chain.

In the first category, any of 4 variety of conventiopal methods can be used 1o
chemivally couple (crass-link) the two polypeptide chains. "Covalent binding can be
achisved either by direct condensation of existing side chains (e.. 2., the formation of
disnlfide bonds between cysteine residues) or by the incorporation of externat
bridging molecuies. Many bivalent or polyvalent agents are useful in coupling
polypeptides.

In general, the cross-linking agents used are bifumctional agents reactive,
£.8., with e-aming group or thiol groups. These cross-Lnkers can be classified ime
two categories: homo- and heterc-bifunctional reagents. Homobifonctional reagents
can react, e.g., with free thiols (e.g., generated upon reduction of disulfide bonds),
and include, e.g., 5.5'-Dithiobis (2-nitrobenzoic ecid) (DNTH}, end o-
phenylenedimaleimide (O-PLM), which can form a thioether bond between twe
polypeptides having such free thiols. Heterobifunctional reagents can intraduce a
reactive gronp onte a pelypeptide that will enable it to react with a second
pelypeptide. For example, N-succinimidyl-3-(2-pyridyldithic) propionate (SFDP)
can react with a primery amine group 1 intreduce a free thiol group. Other
chemical cross-linking agenis include, e.g., carbodiimides, diizocyanates,
diazabenzenes, hexamethylene diamines, dimaleimide. glutaraldehyde, 4-
succinimidyl-oxycarbonyl-w-methyl a(2-pyridylibio)tolusre (SMPT} and N-
succinimidyl-8 acetyl-thivacetate (SATA). Procedures for cross-linking
polypeptides with such agents are well-know in the art. See, e,g., Fieres
ImmunoTechnology Catalog & Handbonk (1991) E8-E35; Karpovsky er ef. (1954)
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J. Exp. Med. 160, 1686; Liu er al. {1985} Prec. Natl. Acad. Sci. §2, 8648; Segal et
al. U.8. Pat. 4,676,980 (Tun 30, 1957) and Erennac (1986) Biotech. 4, 424.

Spacet armns between the two reactive groups of ernss-linkers may have
various lengths and chemical compositions. A lomger spacer arm allows a hetter
flexibility of the conjugated polypeptides. while some particular compenents 1o the
bridge (e g, & benzene group) may lead extra stability Le the reactive groups or an
increased resistance of the chemical lick to the action of various aspects (¢.g2.,
disulfide bond resistance to reducing reagents). T]qe use of peptide spacers such as

the peptide linkess or linker peptides described below is also contemplated.

In the second category of associution methods, conventional methods can be
used to append any of = variety of moieties (¢.g., peptides, sometimes called herein
“peptide linkers” or “fusios domains”) to soluble portions of the Teceptors of
interest, therehy generating hybrid or fusion proteins, end the hybrid or fusion
proteins can then e associated via the appended moteties. Some of th;e many Types
of possible associations via appended peptides are illustrated in Pigure 1B.

In one embodiment, moicties such as biotin and avidin (sireptavidin) are
complexed to soluble portions of the receptors, using conventional methods, and
these moieties interact 1o associate the two subunits.

Tu & preferred embodiment, the appended moieties are peptides (“peptide
linkers”). Amaong the wide variety of peptide linkers which Ean ‘e used are the
GST {glutathione S-transferase) fusion protein, or a dimerization motf thereof; a
FDZ dimerization domain; FX-506 BP (binding protein} or a dimerization motif
thereof; a matural oy artificial helix-trrn-belix dimerization domain of p53; and
Protein A or its dimerization domain, domain B.

In a most preferred embodiment, the appended peptides are components of a
Jeueine zipper. The {eucine zipper moictics arc often taken from the human
transcription factors o-jun and c-fos. Example 5 demanstrates the use of a leucine

Zippet to generate a heterodimeric sIL-18R.
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In another most preferred embodiment, the appended peptides are portions of
immmnoglobulins, e.g., IgA, [gM, 1gD, 1gE, or, preferably, 1gG. For example, to
one seluble receptor portion is appended a peptide coniaining a constant region, or
fragmwent thereof, of a heavy chain, and to another js appecded a corresponding
constant region, or fragment thereof, of 2 light chain, preferably wherei thiol-
containing amino acids from the hinge region are present. Io this way, the two
appended moieties can hind to one another, ¢.g., via disulfide bonds, to penerate a
molecule resernbling an Fab fragment with soluble receptor moieties attached (o
cach of the antihody chains. In apother erdbodiment, the appended moieties are
portions of immupoglobulin beavy chains (e.g., comprising the CH, moiety and/or
the CH, moiety of the constant region), which. can associate via the disulfide bonds
that are normally responsiblz for dimerizing heavy chaing, thereby forming a
molecule reserabling an Fe fragment with a solitble receptar portion attached to each
of the antibody chains. Example 6 demonstrates the use of receptor subumits
comprising appended JgG fragments 10 generate a heterndimeric sIL1&R.

Of course, two subimits can be associated via uny combination of the above
Tooieties, e-g., a tandem arnimgement of a leucing zipper moiety and an
imuunoglobulin domain, arranged in any relative order or oriemation.

“Peptide linkers™ of the invention encompass any of the types of fragments
or “varfants” describe& above with regard to “IL-18R" and “AcPL" receptors.

A peptide linker should provide an adequate degree of flexibiltty 10 prevent
the twa subupits from interfering with cach others’ activity, for example by steric
hindrance, and to allow for proper protein folding; yei it should allow the two
subunits {0 interact with one another &8 Decessary in order to enable the proper
spatial orientation fof hinding to TL-18, preferably at a high affinity.. Therefose, it
may be desirable to modify a peptide Fnker by alteting its Jenpth, amino acid
composition, and/or conformuation, e.g., by appending to it still other “secondary
lipker moieties™ or “hinge moieties.” Among the many types of secondary linker

moieties are, e.g., tracts of small, preferably neutral and either polar or nenpotar,
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amino acids such, a5, ¢.2., glycine, serine, threorine or alanine, at various lengths
and combinations; polylysing; or the like, Alternatively, multiples of linkers and/or
secondary linker moieties can be used. It is sometimes desirable {o use a flexible
hinge region, such as, e.g., the hisge tegion of human IgG, or palyglycine repeats
interrupted by serine or threonine ai certain intervals, . .

The lengtt and composition of 4 peptide linker can readily he selecied by one
of gkill in the art in order to optimize the desired praperties of the soluble recepior,
e.g., its ability to biml to IL-18, Conventiona] asseys for binding to IL-18 are
described, e.g., in Example 4 and in Thomaseen f al, (1998). J. Tmerferon
Cytokine Res. 18, 1077-1088 {I1L-18 binding to heterodimer linked to BlAcare
chip); Torigoe et al. (1997). J. Bipl Chem, 272, 25737-25742 (I"-[L-18 hinding 10
cells); Born ez al. (2000), J. Joumunol, 164, 3246-3254 (I-IL-18 binding to
heterodimer followed by immobilization on protein A} Born ez af. (1998). 3. Biof
Cheni. 273, 29445-294350 (inhibition of 11.-18 induced NF-xB reporter gene -
activation}; Novick ef af, (1999). Immanity 10, 127-136 (inhibition of IL-18 induced
[FN-v production (which can also be measured in animals}); and W097/31010 {an
indirect assay, measuring the inhibition of prostaglandin E2 synthesis, either in virra
or in animals}.

Peptide linkers can be appended to solble portions of receptors 1o form
bybrid or fusion molecules by a variety of methods which will be evident to one of
ordinary skill in the art, e.g., chemical coupling as described xbove (if necessary,
fellowing derivatization of appropriate amino acid gTouprs); attachment via
biotin/avidin interactions; covalest joiniog of the peptides by art-recognized
methods (e. 2., using appropriate enzymes); recombinant methods; or combinations
thereof. “Hybrid™ profeins of the Invention are proteins in which a moiety
comprising a soluble portion of a recéptor and moiety comprising = linker peptide
are joined via linkages other than peptide linkages {z.g., by chemical coupling or

via biotin/avidin interactions). “Fusicn™ proteins of the invention are proteins in
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which such moieties are linked by peptide bonds, preferably accorplished by
recombinanL Processes.

Metheds of making recombinant fusion proteins are conventional and are
deseribed, e.2., in Ashkenazi ef ¢l {1991 PNAS 28, 10535; Byra ez al, {1590)
Naiure 344, 677, Holienbaugh et ai. (1992) “Constriction of Immunegiobulin
Fuston Proteins,” in Corrent Pretocels in Imumunology, Suppl. 4, pp. 10.19.1 o
10.19.11; WO93/10151; and U.S. Pat. No. 3,457,035, Typical methods are shown
in Examples 5 and 6. Bach of the fusion protems can be expressed independently in
a single expression vector, or two or more fusion proteins can be expressed in the
same expression vector. Typically, seiuences encoding the o polypeptide
moieties of a fusion proteis are fused n frame. -Generally, fusion proteins are
marked with- selectable mar}\:ers, i order to fzcilitate the selection of transfectants
(transformanis). .

The soluble receptor portions can be oriented in each subunit so that, when
the {wo subunits are associated, the saluble receptor portions are joined via either
their M-temmiol or thelr C-tevmini, provided that the linkage does not interfere with
the ability of one or both of the subunits to exhibit a desired hiologi.cal activity. Ina

. preferred ersbodiment, the twe soluble receptor portions are joined via their C
termini, in order to minimize physical constraints on the “working portions™ of the
molecules, which Lie within their N-terminal regions. See Figure 1B for

illystrarions of some of the possible types of orientations.

Pairs of hybrid or fusion molecules formed as described above can he
associated with each other via the appended moieties by non-covalent or covalent
bonds.” The on-covalent bonds include, e.g., leucine zippers, biotin/avidin
interactions, &ydrogen bonding, van der Waals forces, hydrophiobic interactions,
etc. Among possible covalent bonds are, e.g., naturally forming disulfide bonds

(e.g., formation of modified Fab or F(ab')2 fragiments), or bonds formed by
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chermical crogs-linking reactions as described above, The attachment cant occar in
vitrg (e.g., in a test tube) or within 2 cell. )

Tn a preferred embodiment, the attachment oceurs intracelularly. Two
separate chimeric polynucleotides, each encoding one of two different fusion
proteins, are transfected into and co-expressed in the same host cell.  Fusion
polypeplides so produced are believed to join to one enother within the cell or
during secretion.” They are then purified from a cell lysate or, preferably, are
secreted from the cell and are purified from the culture medium. See, 2.g.,
Exumples 5 and 6. The two fusion proteins can be expressed either trom the same
expression vector or from two different expression vectors.

1f desired, the Telatjve amounts of fwo recombinant fusion proteins produced
i a cell can be regulated, e.g., by expressing them from promoters of different
strengths. For example, if the appended peptide of éubunit A forms howmodimers at
a high frequency, wherzas the appended peptide of subugi[ B forms homodimers at
a low [requency, one can drive the formation of the desired heterodimers by
expressing much higher levels of sabunit B than of A. The optimal reisive
amounts can be defermined emapirically by routine experimentation.

The invention also relates to a chimeric polynuclectide encoding a fusion
protein as described above, a host cell expressing such a fusion protein, and a
method of making such a fusion protein comprising culturiag suck a cell under
conditons in which the fusion protein is expressed and harvesting (recovenng) the
protein. A fusion protciul of the inventicn can also be made by in vitro teanslation
of a chimeric pelynucleotide as above. The invention also relates to antibadics
(e.g., monoclonul antibodies) immunorective with navel hybrid or fusion proteins of

the invention.

In the third category of association methods, recombinant wchnigues are
used 1o join soluble portions of each of two receptors, in frame, o forn a single

chair pelypeptide molecnle. Figure 1C illustrates some of the possible
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comibinations. Preferably, the receptor pertions are separated from one znother by
2 linker pepiide, of any length or amino acid compesition, most preferably a
flexible lanp stracmure, witch allows the two receptor moieties to lie af an
appropriate distance (tom each other and in‘a proper alignment for optimal
interaction, Typicsl linker peptides cun:a.i.n tracts of small, preferably neutral and
either polar or nonpolar amino acids such ag, 2.2., glycive, serine, threonine or
alaning, &t various lengths and combinations; polylysine; or the like. Thekijnker
peptide cag bave 2 least one umino acid und may have 500 or more amino acids,
Preferably, the linker is less than abont 100 amino acids, most preferably about i0
0 30 amino acids. Flexible linker domains, such as the hinge region of mmnag 1gG,
or polyglycine repeats interrupted hy serine or threonine at certain intervals, can be
used, slone Or in combination with other moieties.

Recombinant metheds which can be used to generate such linear, single
chain heterodimeric recepiors are comventiopal, Furtbermore, routine proceduras
can be used to select linker peptides and to optimize parameters so that the iwo
solubl receptor pottions are aligned at a distance and in an oriemation which allow
optimal fupction of the soluble, heterodimeric recepior. See, e.3., U.8. Pats
4,935,253 and 4,751,180.

The inveotion also relates to a chimeric polynucleotide whick encodes a
sipgle chain heterodimeric soluble receptor molecule 25 described above; a host cetl
expiessing such a protein; a method of making such a prowin, comprising culnuring
such a ¢eil under copditions in which the protetn is expressed and harvesiing
(recovering} the protein; and an antibody (e.g., @ monoclenal antibody)
imrnunoreactive with such a novel single chain pulypeptide. A single chain
heterodimeric soluble receptor of {he invention can also be pade by in vitro
translation of such # chimeric polynucleotide.

In addition to the heteroditseric receptors described above, soluble
rauitimeric IL-18 receptors can be made by extrapelating any of the above methods,

or combinations thereof, to join three or more receptor subnits, in any combination
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{e.8., 2 copies of IL-18R and one copy of AcPL; rwo copies each of IL-18R aod
AGPL; 3 ar 4 copies of each of IL-18R and AcPL, efc.}. Some of the possible

varistions are summarized in Figure 1D.

Preferably, a soluble dimeric receptor of the invention is “isclated,” e.g., is
in a form other thzn it occurs in nzture, for example in a buffer, in a dry form
awaiting reconstitution, as part of kit or a pharmacentical compostion, etc.

A variety of conventional methods can be used to isolate and/ox purify a
soluble recepior of the invention. The desired degree of purity may depend on the
intended use of the protein. For examgple, in vitre IL-18 bintding studies are
sometimes perfornied with the supernatants from cells transtected with a vector
enceding one or more of the receptor subunits. Typically, the receptor is
substantially purified. The term “substantially purified,” as used herein, refers &J a
receptor which js substantially free of contaminating endogenous materials, such as,
¢.g.; ather proteins, lipids, carbohydrates, nucleic acids and other biclogical
materials with which it is naturally associated. For example, a substantially pure
molecule can be at least about 60%, by dry weight, preferably about 70%, 80%,
Y%, 95% or 99% the molecule of interest.

Saluble receptors of the invention and/or their subunits cen be recovered

" from cedls either as soluble proteins (preferably after having been secreted into the

cultire flaid) or as nclusion bodies, from which they may be extructed . .
quantitatively, z.g., by 8M gpanidiem hydrochloride and diglysis. Conventignal
purification methods which can be used inclade, e.g., jon exchange
chromatography, hydrophebic interaction chromatography , reverse phase
chromatography, and/or-gel filtration. Jn 2 preferred embodiment, affiity
chromatography is vsed, e.g., witk 2 columm containing TL~18 or another
éppmpriatc ligand; an lappmpriam lectin, such as, £.g., wheat gecm aggltinin:
protein A or protein G, which can bing to the Fo modeties present in certain, sotuble

receptors; or antibodies specific for IL-18R and/or AcPL, Tn.a particularly
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preferred embodiment, each receptor is “tagged™ with a mojety, preferably a
cleavable one, that can bind 1o an appropriate affinity column, For example, one or
Hoth subunits can be tagged with poly His (e.g., His,) to aliow 1apid purification by
metal-chelate chromatography; with a Strep-tag which binds to streptavidin and can
be eluted wilh iminobiotin; with maitose binding protein {MEP}, which binds to
amylose and can be ehated with maltose; or with any other such rﬁciew which can
be separated by affinity chromatography. Alternatively, one can tag one or both of
the xubunits with cpitopes to which antibodies are available, such as the FLAG?
peptide, Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys (available from Bastman Kodak Co.,
Scientific Imaging Systens Division, New Haven, CT). Other such antigenic
identifiers are described in U.5. Pat. 5,011,512 and in Hopp ef ai. (1938)
Bio/Technology 6, 1204. (The attachment of such epitopes can atso aliow for, e.g., .
selective immunoprecipitation, detection on western blois, or activity
depletionfi:llockiug in bicassays.) For typical methods of using aftinity taps, sce,
e.g.. Recombinant Protein Protocols: Detaction and Tsolation, Bdied hv Rocky S.
Thzn, Metbads in Molecular Biology, Vol. 63, Humnana Press, 1997 and Exampies
Sand 6. Combinations of any of the above types of tags can be used, of course,

If the method of preparation of & dimeric receptor results in the formation of
homdlimers as well as heterodimers, the desired beterodimers can be separated
from the homodimers by any of a variety of procedures which allow differentiation
berween the two forms, e.g., chromatographic techniques or passive elution from
preparative, non-denatging acrylamide gels. Tn a most preferred embodiment, cach
of the subunpits is tagged with a different tag, and doubly tagged dimeric soluble
receptors are separated from singly tagged homodimers by affinity chromatography.
Bee, e.g., Examples 5 and 6.

The purity of the receptors can be derermined using standard methods
inctuding, e.g., polyaciylamide gel electrophoresis, column chromatography, and

amino-terminal aming acid sequence znalysis.
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This invention also relates to a method of trealing or preventing a condition
(e.z.. a pathological condition) associated with expression of IL-18, including
excessive o inappropriate amoymts thereof, and/or with excessive or inappropriate
activity of cells possessing IL-18 receptors, comprising administering to a patient in
need of such treatment an effective amount of a soluble, heterodimeric IL-18
receptor as above. Alihough not wishing to be bounet to auy mechanism, it is
sugpested that the soluble, beterodimeric 11-12 receptors of the invention may act
as [L-18 antagonists, by binding [L-18, thus functionally inactivating ir, and/or by
competing for the hindiag of endogenons IL-18 t¢ its natural receptor.
Alternatively, again net wishing to be bourd to any mechanism, it is supgested that
the soluble, heterodimeric IL- 18 recsprors of the invention may act as [1.-18
agonists, 2.g., by acting as 2 "sink” to sequester IL-18 at particular sites in the .
body. thereby increasing the effective concentration ot IL-18 at those sites.

Activities of TL-18 include, e.g., induction of patural killer {NK} ceil
cytotoxicity; eohancement of cytolytic T-cell tesponses; stimulation of the
proliferation of activated T and NK cefls; regulation (stimmulation or repression of) a
nuber of cytolines, including induction of IFN-y by resting and activated T- and
NE-cells; promotion of Ty-1-type helper cell responses; and inkibition of osteoclast
profiferation. Blocking or modifying IL-18 by contacting it with a soluble TL-18
receptor of the invention can modulate any of these, or other, activities mediated by
1L-18, and thus can he used to ameliorate conditions or disorders mediated, directly
or indirectly, by IL-18. A disorder is said 1o be mediated by IL-18 when IL-18
causes (direetly or indirectly) or exacerbates the disorder,

Among the many I1.-18 related conditions which can be treated or prevented
by administering to a patient in need thereof 2 soluble dimieric receptor of the
inventien are a variety of inflammatory conditions (e.z., chronic inflammation),
immune disprders (g.g., autoimnune or alluanﬁgén-induced) and allergic diseases.
Ameong the conditions which can be treated or prevented are, e.g, hepatatoxicity

associated with endotoxcnia, septic shock, autsimmune demyelinating diseases,
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including multiple sclerosis, rheumatoid arthritis, Crohn’s disease, Jupus nephritis,
psoriasis, asthma, pernicious anemiz, atrophic gestritis, Wegener granulomsarosis,
disceid lupuy erythernatosus, ulcerative colitis, inflaromatory bowel disease,
hyperthyroidism, autoimmune hemelytic anemia, myasthenia gravis, systemic lupus
erythermatosus, Addison's disease, Hodghin's disease, various leukemies (including,
e.g., ALL, CLL, AML and CML), HIV infectione, septic shock which results from
production or adminisiration of excessive IFN-y, insulin-resistant and juvenile onset
diabetes, atopic dermetitis, and acute or chronic wansplant rejection {e.g., Graft-
versus-Host disease), ’

One of skill in the art can measure activity of the soluble dimeric receptors
of the invention in any of a variety of suitable in vifre or cell culture assays, or in
anirmal models. For exaruple, one can determine whether such a receptor acts as an’
antagonist or an agomist, and can quantitate the amount of activity. Several such
assays are iscussed herein. Cther in vive meihods include, 2. g., systems for
evaluating grafl vs. host reactions (see, e.g., Fanslow er al. (1990) Science 248,
739-741 and animal madels {e.g., the EAE model)or autoinmune demyelinating
diseases such as, e.g., multiple sclerosis. For a description of animal models of
MBS, see, e.g., Gold ef al. (2000). Mol. Med. Today §, 85-91 and Swanberg {1995).
Clin. Trmenol. Immenopaikol. 77, 4-13. For a description of some metheds of
using the EAE animmal odel to test soluble receptors, see, e.g.', Tacohs et el
(1951). J. Immonol. 146, 29583-2989 and Selma} 2r af. (1993). J. Newroimmunol.

56, 135-141.) See also Dinarcllo (1999) J. Allergy Clin. Immanol. 103, 11-24.

Soluble dimeric [L-18 receptors of the iovention can be administered vsing
conventional doses and delivery metheds, such as those described for other,
comparable therapeutic agents.

Dosages to he administered can be determined by conventional procedures
kaown to these of skill in the art. ‘See, ¢.8., The Pharmacological Basis of
Therapeuticr, Goodman and Gilman, £ds., Macpnillan Pablishing Co., New York.

Tn general, effective dosages are those which are large cnough to preduce the desired
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effect, e.g., blecking the binding of endogenous TL-18 to the natural receplor. The
dosage should not be =0 large as to cause adverse side effects, such as m]waﬁted
cross-reactions, anaphylactic reactions, and the like. Factors to be considered incinde
the eotivity of the specific agent invelved, the metabolic stability and length of action
of the agent, mode and time of administraiion, drug combination, rate of exeretion,
the species being treated, and the age, body weigﬁt, general bealth, sex, diet, and
severity of the particular discase-states of the host undergoing therapy. For example,
appropriate therapeutic regimens for a receptor of the invention involve
adminjstration to a patient of a dose of between about I ng/kg/day and zbout 10
mg/kgiday.

Appropriare mmethods of admimistration include parcnteral and non-parenteral
routes of administration. Parenteral routes incinde, e.g., infravenous, intraarteriai,
intraperta), intramusoular, suboutaneous, inraperitoneal; inraspinal, intrathceal,
intvacerebroventricular, isfracranial, intrapleural or other routes of injection. Non-
parenteral routes include, . £, oral, nasal, fransdermal, pulmanary, rectal, buccal,
vagioal, ocular. Administration may alse be by continuous infusion, local
administration, sustained release from implants (gels. membranes or the like),
and/or intravenous injection. )

Tngredieats, including <xeipients, diluents aud/or carriers, for
pharmaceutical eempositions usefal for the various modes of administration are
conventional in the art, and are described, ¢.¢., in Femington’s Pharmaceutical
Sciences, 18th ed., Mack Publizhing Company,1990. The receploes can be
forruvlated, e.g., in a pharmacologially acceptable Hquid, solid or semi-solid
carrier, linked to a carrier or turgeting molecule {e. 2., antibody, hormone, growth,
factor, ete.) and/ar incorperated into tipasomes, smicrocapsules or controlled release
preparations (including cells which express the heterodimeric receptors) prior to

adrministration iz vivg.
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The invention alse relates to methods of detecting 11.-18 malecules (e.g.,
experimental ar diagnostic methods), comprisisg contacting a sample which may
contain [L-18 molecules with a soluble, heterodimeric 1L-18 receptor molecule of
claim 1, which is labeled. Conventional modeties can be use to Jabel the receptors,
&.8., radioaciive.or fluvrescent entities and to detect the labels. Such assays can be
quantitative, of course. In gne embodiment, such essays are used to determine
whether an agent of interest ;:auses an increase or decrease in a cell of the amouat of
IL-18 which is available for binding to 2 receptor {e.g., buman or murine cells; in a
test tube, in culture, or in an animal), and/or whether it modulates {inhibits or
erhances) the biological activity of IL-18 (e.g., #1s binding to a soluble receptor).
In some embodimems.-cm_ss—species reagents can be used, ¢.g., mouse teceptors
which bind to human IL-18.

Aséays of the invention cap be used, £.g., for experimental characterization
of an agent; for screening for potentially therapeutic agents; for the diagnosis of
diseases which can be indicaied by the Jevels of IL-18 in hodily fluids; or te

monitor the effects of treatment.

Brief Description of the Drawings

Vatious other features and attendant advantages of the present invention will
be more fully appreciated as the same hecomes bewer understood when considered
in conjunction with the 2ccompanying drawings:

Tig. 1 shows some examples c;f heterodimers and multimers. Panel A
iustrates chc;uical cross-linking; Panel B illustrates linkage via appended meietics
(zzneric appended peptides; heavy/light chain interactions of antibody fragments;
heavy/heavy chain imeractivns of antibedy fragmenis); Panel C ilustrates single
chain polypeptides; znd Panel D illustrates tetramers.

Fig. 24 shows :L-18 responsivences in 293 cells Haﬁsfccf.ed with [L-18R

aml/or AcPL. expression vectors.
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Fig. 2B shows IL-18 responsiveness of cells which express )L~ 18R and
which are transfecied with an AcPL expressien vector.

Fig. 3 shows that IL-12 and IL-18 synergistically mduce IFN-y secretion in
A7 cells.

Warhout further elaboration, it is believed that ane skilled in the art can, using
the preceding deseription, utilize the present invention to its fullest extent. The
preceding preferrod specific embodiments ars, therefore, to be construed as mevely
itustrative, and not limitative of the remainder of the disclosure in any way
whatsoever.

In the foregoing and in the following examples, all temperatures arc set farth
uncorrected in degrees Celsius; aﬁd, unless otherwise indieated, all parts and
peteentages are by weight.

The entire disclosure of all applications, patents and publications, cited above

or below and in the figures are hereby incorporated by reference.

Exomples

1. Cloning of the hunan and mouse TL-18 recepiors

"Ths human and mouss IL-18 receptors cun be sloned by reverse ranseripton-
polymerase chain reaction (RT-PCR). For example, the mouse receptor subuuits T~
18R (Aecession #U43673) and AcPL (Accession #AF077347) are cloned as follows:
tofal RNA is prepared from the mouse T acil clone Dords, which s derived fiom
AKR/I mice. RT is performed using the Clontech *Advantage RT-for-PCR kit” using
an oligo-dT primer, and subsequent PCR is performed using primers corrasponding 1o
the 3" and 37 ends of the coding sequences of the two subupits, The fll-length cDINA
are claned, via restriction snzymes sites sngmersered into the 5° and 3 primers, into
the eukaryotic expression vectors peDNA3. L{-)MYCHISB or pcDMA3. I{-)PUR
(Iovitroger). The sequences of the mouse T-15R and AcPL cDNAs arc-confirmed.
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2. Generation of stable cell lines cxpressing mIL-18R
The human embryonic kidvey fibroblast Hne 293 does not respond te mouse
TL-18. Figure LA shows that responsiven&s 1o mouse I1-18 (Peprotech) in 293 cells
15 optumal following the transient transfeetion of both mouse -1 SR and AcPL

- expression vectors. 293 cells are co-transfected with 2n NF-«<B dependent luciferase

veporter gene plasmid (Clontech} wgether with TL-13R. and AcPl. expressiom veetors,
as indicated, using Effectene iCiapen). Twenty-four hours after transfection, cells are
exposed to JE~18 for u further 4 howrs. 1-18-induced NF-6B is measured by
Juciferase activity in cell Lysates.

A stable, neomycin-resistant 293 clons is established that expresscs full-length
mouvse [L-18R, as determined by Western blotting using an &-Myc antibody, which
recognizes the C-terminal Myo tag on the recombinant protein. Figurs 1B shows that
IL-18 responsiveness in this clons requires the transient transfection of inouse AcPL.
Stable neaomyain- and puromycin-resisiant 293 clones that a)lipress both mouse IL-18R.

and AcPL are gencrated.

3. IL-18 binding stugies

. Stable olones of 293 cells expressing both [L-18R. and AcPL are cultured in 6-
well plates until confinent. ' Cells arc washed 1X with PBS. Cells are incubated with
100,000 cpm (~10 nb) of ' IL-18 (Bolton-Huntex Reagent) for 13 min at RT in 0.5
1 PBS, and total binding is determived. Won-specific binding is delermined by
including 1 pM of £old TL-18 in the incubation. Cell extrauts are prepared by lysia in
101% SDS. Freg [L-1% is separuted from bound IL-18 by spianing trough migeral
oil. The amount of bound IL-18 is determined by direct counting in a scintillation
COURLET.

Significant specific binding can be observed, indicating that the high affinity

IL-18 receptor commprises Y-18R and AcPL subuniis.
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Binding (CPM % 8D) Experiment #1 Experiment #2
Tatal 15349 142 13885+ 582
Non-spesific 3546+ 162 4063 £ 380
Specific 6803 + 304 9825 £ 962

4. In vitre assays to measure IL-18 binding and/or activity

(A) NF-«B formation. In the mouse thymoma line EL4, T1-18 binds to its
cognate receptor resulting in repid formation of the transenption factor NF-xB. NF-
¥ can be detected in nuclear extracts by an cleciromobility shifi assay (EMSA). The
inbibition of IL-18 binding can be measvred by incubation of the pmteiﬁ with an o-
[L-18 antibody or soluble 1L-18 receptors prior fo cell stimulation.

For example, meuse IL-18 is pre-mixed with either PBS, rabbit g-mouse -
18 polyclonal antibody from Toey Ping Tne., control rabbit serom IgG,; rat a-mouse
IL-18 monoclonal antibody from Research Diagnostic foc., control rat TgG2a, or
homodimeric TL-18R-Fe fusion protein. After incubation at 37°C for 2 hours, the
mixos are used to stimulute EL-4 cells, the final conceniration of X018 is 50 ng/ml.
After 30 minuies, cells are barvested, and nuclear extracts are prepared. EMSA is
perlbrmed using an NFxD consensus probe (Santa Cruz).

(B NF-xB-dependent luciferase activity. Figures 24 snd 2B show that [L-18

induces luciferase activity in 293 cells either transiently or stably expressing both
mouse IL-18R and AcPL. 293 cells are transfeciod with a vector containing 3 copies
of a consensus NF-«B binding site ¢riving expression of the luciferase reporter gene.
Mouse IL-18 induces formation of NF-+B, which in turn activates the promoter
driving the luciferase gene. The inhibition of luciferase activity is a functional
demonstration of a soluble IL-13 receptor.

(C) IFN-y release agsay. The murins Thl clone Ae7 synergistically responds
1o mouse 11~12 and IL-18 to secrete significant amournts of IFN-y, measurable by
standard ELISA (Biosource), as shown in Figure 3. Pre-incubation of TL-18-with an
equimolar atmnount of a-[L-18, but not control 16, inhibits 16N-y secretion. The
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assay can be used to test the ability of soluble IL-18 receptors to iphibit IFN-y
production.

In the Example shown in Figure 3, Ae7 cells are primed with antigen and
rested for 7 days, and then placed at 5 x 107 ceflsim in 96-well plates. T-12 (3 pf)
or IL-18 {100 pM) are added. Rat ¢-mouse IL-18 monocional antibody or an isotype-
matched rat 1G22 are preincubated with I1-18 (equiciotar amounts) for 2 hoars at
37°C prior to 2dding to the cultures. After 48 hours, the amount of IFN-y in the
culture medivm is measured using 1 Biosource IFN-y Cyloscreen ELISA kit.

{D) Immmynoprecipitution. The direct binding of o-1{ -13 or soluble IF.-18
receptors to IL-18 can be determined by co-immunoprecipitation experiments. For
example, using a o-Fc anlibedy, TL~18 can be co-precipitated with cither o-JL-18 or
the Fe-fasion versions of seluble 1I.-18 rceeptors. TL~18 is detected by Western
bletting. This method provides a qualitative measurs of the interaction between IL-18
and soluble IL- 18 recoptors.

For example, an R0 ral s-mouse [L-18 moneclonal antibody or a rat [eGle
isotype control antibody are mixed with 30 wl of {50% v/v) protein A/G agarose beads
(Sigma)} for 1 hour at 4°C. Beads are washed 3X with cold PBS and resuspended in
0.5 ml FBS with 1M NaCl. Mouse IL-18 (18 ng} is added and the mixfures are
incubated for 1 hour at 4°C. Beads are washad and the immunoprecipitated proteins
are resolved by SDS-PAGE. Western blotting is performed using a Terrey Pine rabbit
e-mpouse [IL-18 polyclonal antibody.

{E) BlAcore. The BLAcore assay, as described in Thomassen et al. (1998) J.
I Cyt. Res. 18:1077-108%), provides = quaniitative measure of the interaction
between L_-18 and zoluble IL-18 receptors.

5. Solable IL~18 receptor-leucine zipper hetervdimers

“PCR sewing” is used fo generate DNA, sequences encoding chimeric mouse
TL-18 receptor profeins. For example, the extracellolar region of mouse TL- 18R,
(AAL-314) is fused to the leucine zipper {LZ) region {(AA161-199) of the human o-
FOS protein. The extracellular region of mouse AcPL (A A20-344) is fused to the LZ
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region {AA277-315) of the human ¢-JUN profein, and mserted into pFLAG-CMV-1
(Sigma, Inc.), so that this fasion protein contaius an N-tenninal FLAG tag,
Expression vectors encoding the TL-18R-LZf and AcPL-17j chimeric proteins are
tramsiently transfocted into 293 cells. Cell exiracts are propared afler 48 hours, and
the FOS-TUN heterodimer is purified using a & FLAG antibedy dolumn. The
presence of both mouse IL-18F. and AcPL in the LZ heterodimer are confirmed by
Westorn blotting.

Human 293 cela are transiently transfected with FLAG-AGPL-LZjun, IL-18R-
LZfos, or beth using Effectene (Qiagen). Cell extracts are preparcd and protein
samples {5 al) are resolved by SDS-PAGE. FOS-TUN heterodimuors are
immunoprecipitated from the doubls transfection extract by an w-FLAG entibody
(Sigma) and eluted by a FLAG peplide (S1gma). Samples (5 pl) of the purified
heterodimer are also resolved in the same gel. Afler Westom transfer, the blots are
probed with either o FLAG {Stgma) or #-FOS {Santa Cruz) antibodies.

6. Solubie IF.-18 receptor-¥e heterodimers ‘

The extrace]lnlar regiong of meuss IL-18R and AePL, a5 described in example
5, are fused to the mouse immunoglobulin {subtype) Fe (starts from AA 221, hinge
arca between CHI and CH2) and inserted inte baculovirus expression vectors.
Recombinant baculoviruses are generated and the fusion proteins arc vo-cxpressed in
5% nsect cells. Dimeric IL-18 receptors are purified-using ¢-Fc and e-FLAG
antibody colivmms. The purified protein preparation consists of a population of AcPL
homodimers and [L-18R/AcPL heterodimers. By infecting oells with 3% more TL-
18R-expressing virus as compared to AcPL-expressing virtus, the yield of
hetcrodimers can be enhanced.  The presence of soluble [L-1§ recepior-Fe
beterodimers 1s confitmed by Western blotting,

5£21 cells are infecfed with IL-18R-Fo, FLAG-AcPL-Fc, or both in 2 molar
ratio of ~3:1. Supernatants from doubls infections are harvested 48 It Jater and are
applied through a ¢-FLAG antibody column {Sigma). Supernatant sarmples, colune
flovw-threugh, colunn wash, and ¢luate are resolved by SDS-PAGE, Wesiern blotting
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is performed using a w-mouse Fe antibody (Sigma). A non-denatured eluate sample is
also resolved hy SDS-PAGE.

7. In vitro assays and in vive models to test [L-18 receptor hetermdimers

(A) fn vitro. Assays to test the ability of soluble [L-18 receplor heterodimers
1o inhibit IL-18 in vizro include those described in examptes 2, 3 and 4 ahove.

(B} In vive. Models to test the ability of soluble IL-18 receptor heterodimers
10 inhibit TL-18 i vivo include: liver demage in P, acnes/LP-treated pude mice
(Okamura et al. {1995) Marure 378:38-507; PLP-induced, adoptive transfer
cxperimenta) antoimroune encephalomyelitis in SJL mice (Leonard et al. (1995) J.
Exp. Med. 181:381-386); and type Il collagen-induced arthritis in DBA/L mice
(Gracie et al. {1299} J. Clin Invesi. 104:1393-1401).

The preceding examples ean be repeated with simiflar suscess by substituting
the generically or specifically desaribed reactants end/or operating conditious of this
invention for those used in the preceding examples.

From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention and, without departing from the spirit and
scope thereaf, can make various changes and medification of the invention to adapl it

to various useges and condilions.
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We claim:
L. A soluble, heterodimeric interleukin 18 (IL-18) recepior molecule

comprising two subumits, one of which comprises an extracellular dDJ'IJ:liD; or a
fragment thereof, of IL-18R, and he other of which comprises an extracelluar

domain, of a fragment thereof, of AcPL.

2. ‘The solubie, heterodimeric recepmf of claim 1, which binds 10 IL-18
with higher atfinity than <oes either [L-18R or AcPL.

3. A soluble, ieterodimeric interteukin 18 (IL-18) receptor malecule
compriging two gubumits, each of which comprises a saluble portion of either IL-
18R or AcPL appended to a peptide, wherein the two subunits are associated via
said appended peptides.

4, The suluble receptar of claim 3, wherein each peptide is an

immunoglobulin chain, or a fragment thereof.

5. The seluble receptor of claim 3, wherein each peptide is an

Dnyounoglobulin heavy chain, ot a fragent thereof.

6. The soluble receptor of claim 3, wherein each peptide is part of &

leucine zipper.

7. The. soluble receptor of claim 1, wierein the subunits are associated

by chemical cross-linking.

§. The soluble receptor of clafm 1, wherein the subunits form 2 single

polypeptide chain .
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9. The soluble receptor of claim 1, wherein the [L-18R and AcPL are

human.

1. A pharmaceutical composition caomprising a soluble heterodimeric

T1.-18 of claim 1 and a pharmacentically aceeptable carrier.

11, A method of making a soluble heterodirneric receptor of <laim 1,
comprising associsting the two subunits by cross-linking them chemieally, by
Jjoining them with a pepide linker, or by forming a single linear polypeptide chain

by recombinant methods.

12, A compaosition tor making 2 soluble dimeric receptor, comprising a
chimeric polynucleotide which corprises & eoding sequence for a fusion protein
comprising a soluble portion of IL.-18R appended to 2 peplide, and a chimeric
polynuclzotide which comprises 2 coding sequence for a fusion protein comprising a

soluble portion of AcPL appended 10 a peptide.

13, Aun expression vector comprising the chimeric polynucleotides of
claim 12.

14. A host cell comprising an expression vector of claim 13.

15. A method of making a soluble heterodimeric receptor, comprising
culturing 2 cell of claim 14 under conditiens in which both of said fusion proteins
are expressed, and harvesting said profeins.

16, A polynucleoride which encodes a soluble receptor of claim 8.

17.  Am expfession vector comprising a polynucleotide of claim 16.
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18. A host cell comprising an expression vector of claim 17,

19 A method of making a single chain soluble heterodimeric receplor,
comprising culturing a cell of claim 18 under conditions such that single chain

heterodimeric receptor is expressed, and harvesting said protein.

20. A method for inhibiting the effects of IL-18, comprising

edministering z soluble, heterodimeric IL-18 receptor of claim 1 w0 a maramal.

23, A method of treating 2 pathological condition assaciated with IL-18
expression or with excessive or inappropriate activity of cells possessing TL-18
Teceptors, COMprising administering te @ patient iz need of such treamment an

effective amount of a soluble, heterodimeric I1-18 receptor molecule of claim 1.
22, The method of claim 21, wherein ihe patient is humag.

23.  The method of claim 21, wherein ihe pathological condition is an

autoimemune dysfunction or au inflasmmatory condition

24, The method of claim 21, wherein ke pathological eondition is

theumatoid arthritis or muliple sclerosis.

23 A method for suppressing JL-18 mediared inflamumation or an IL-18
mediated immune response in a mammal, comprising administering to z patient i
need of such treatment an effective amount of a soluble, helerodimeric 1L-18

recepior molecule of clzim, 1.

26. The method of ¢laim 25, wherem the mamrnal 15 human.
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27. A method of detesting an IL-18 molecule, comprising contacting 2
sample which mzy contair I[1.-18 molecules with 2 soluble, heterodimeric IL-18

recepior molecule of claim 1, which s Jabeled.
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