1 3 JAN 2006 USE OF IL-18 INHI BITORS Field of . the invention The present
invention relates to tunor netastasis and neans to inhibit -it. Mre
specifically, the invention relates to prevention of tunor netastasis by
inhibiting the production and/or action of interleukin-18 (I L1%8% N 200
Background of the invention The adhesion of circulating cancer Ce ﬁs qg
capillary endotheliumis a critical step in the genesis of netastasis
(1,2). Vascular cell adhesion nolecule-1 (VCAM1), a nenber of the

i mmunogl obul i n superfam |y, nediates the adhesion of hematopoietic cells
and activated | eukocytes to proinflammtory cytokine-activated endot heli al
cells (3-5). However, the adhesive function of VCAM1 may be usurped by

ani mal and hunman cancer’ cell nt, | iy@ental netastatic spread
(6). For exanple, IL-13 and %ﬁaﬁgﬁ"hﬁm{f%t)gg&gtl ate the netastasis
of VLA-4-expressing nelanoma cells in lung tissue by a nechani smthat

i nvol ves the up-regulation of VCAM 1 expression by endothelial cells
(7-9). It hegledihebeadntioenonstrated that IL-1 and TNF-a significantly

contribute to hepatic colonization of Bl6Mcells both in normal and
| i popol ysaccharide-treated mce (7,8,10-20). In addition, rnannose

recept or - nedi at hepati ¢ si nusoi dal endot hel i u SE) | . acti i
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Background of the invention

The adhesion of circulating cancer cells to capillary endothelium is a critical step
in the genesis -of metastasis (1,2). Vascular cell adhesion molecule-1 (VCAM-1), a
member of the immunoglobulin superfamily, mediates the adhesion of hemat0p0i§tic
cells and activated leukocytes to proinflammatory cytokine—activated‘endothe!ial cells
(3-3). However, the adhesive function of VCAM-1 may be usurped by animal and

human cancer cells to potentiate experimental metastatic spread (6).

For example, IL-18 and TNF-o are known to potentiate the metastasis of
VLA-4-expressing melanoma cells in lung tissue by a mechanism that involves the
up-regulation of VCAM-1 expression by endothelial cells (7-9). It has also been
demonstrated that IL-1 and TNF-a significantly contribute to hepatic colonization of
B16M cells both in normal and lipopolysaccharide-treated mice (7,8,10-20). In addition,
mannose receptor-mediated hepatic sinusoidal endothelium (HSE) cell activation
involves autocrine IL-1B-mediated HSE cell expression of VCAM-I, leading to
increased B16M cell adhesion and metastasis (21). It was also shown that

[L-1B-activated HSE cells release VLA-4-stimulating factors, which potentiate BI16M



cell adhesion to HSE cells (11). Thus, IL-113 i nduces VCAM 1 expression and
VLA-4-stinmul ating factor release fromHSE cells, which may confer upon them
an ability to create a pronetastatic mcroenvironnent for certain

i ntrasi nusoi dal |l y-arrested VLA-4-expressing cancer cells. HQV@YIW\I’ZUDB
blocking IL-1 3 and TNF-a led to only a partial netastasis abrogation,

i ndicating that other factors either conpensating for their absence, or
acting via alternative pathways are al so involved. Furthernore, nost of
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(22) and functional properties with IL-12 (23). It has been reported that
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evoke VCAM-1 upregulation and its involvement during capillary transit of cancer cells

are not well characterized.

IL-18 (IFNy-inducing factor) is a novel cytokine that shares structural features
with the IL-1 family of proteins (22) and functional properties with IL-12 (23). It has
been reported that IL-18 production from Kupffer cells activates both TNF-oc and FAS
ligand-mediated hepatotoxic pathways in endotoxin-induced liver injury (24). More
recently, it has been revealed that IL-18 also possesses proinflammatory properties by
direct stimulation of gene expression and synthesis of TNF-a from CD3%/CD4" and
natural killer cells with subsequent production of IL-1f and IL-8 from the CDl14t
population, thereby revealfhg an unexpected pivotal position of IL-18 in the cytokine
hierarchy (25). However, its possible role in cancer metastasis has not yet been

elucidated.

An interleukin-18 binding protein (IL-18BP) was purified from urine by

chromatography on IL-18 beads, sequenced, cloned and expressed in COST7 Tcells.



1 3 JAN 2006 |L-18BP abolished IL-18 induction of interferon-y (IFNvy),
IL-8 and activation of NF-KB in vitro. Admnistration of |IL=18BP to m ce
abrogated circulating IF Ny following LPS. Thus, ' I1L-18BP functions as
an inhibitor of the early Th 1 cytokine response. IL-18BP is cpgs%&@gmhvely
expressed in the spleen, belongs to the imunoglobulin superfamly and has
limted honmology to the IL-1 type Il receptor. Its gene was |localized on
human chronmosonme 11gl13. and no exon coding for a transnenbrane donai n was
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i nhi bi t or s eatoderpitativelBoredrehigbly hanejageusig lhat Hilaysueastiagdhtistel groqucisi g
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circul arly opriogHs Rted ddeinsat hyrs phiRenignl nhiah JoieubsBlL{L8.8BP and muteins,
fused proteins, functional derivatives, active fractions or circularly permutated
derivatives and mixtures thereof are capable of binding to IL-18 and/or capable of

moduiating the activity of IL-18 and/or capable of blocking the activity of IL-18.

Summary of the invention

The present invention provides for the use of inhibitors of IL-18 production

and/or action in the preparation of medicaments to inhibit tumor metastasis.
Inhibitors of IL-18 production are e.g. inhibitors of caspase-1.

The inhibitors of IL.-18 action are selected from antibodies against IL-18,
antibodies against any of the IL-18 receptor subunits, inhibitors of the IL-18 receptor
signaling pathway, antagonists of IL-18 which compete with IL-18 and block the IL-18
receptor, and IL-18BPs, muteins, fused proteins, functional derivatives, actiye fractions

or circularly permutated derivatives thereof which bind IL-18.

(¥8)



13 JAN 2005 Preferably the inhibitors used are IL-18BPs, or a nutein, fused
protein, functional derivative, active fraction or circularly permutated
derivative thereof which has the sane activity as |L-18BP. Ph rrraceutl cal
conpositions for inhibition of I1L-18 production and/or acti on? Wb bi t
tunor netastatis are also provided by the present invention. Anot her way of
inhibiting IL-18 production and/or action, in order to inhibit tunor
netastatis, is the introduction into the body of an expression vector
conprising the coding sequence for an |IL-18 production and/or action

i nhi bitor, such as an IL-18BP. Brief description of the figures Fig. 1.
Experi ment al her}ﬂ{ef&a&yltmnmlﬂaeﬁus@ﬁta%IL NBRS P @nhGe, TGW edtkini fijnedbhain
inthe wild type, IL-1"P-/- and ICE-/- m ce. Livers were renoved on day 10
after B 16Miaelativefcaetifantiamdr iroudat!yi perphiosphatrevabiut theareef wiikh hes WetsAme0%
f or mal dehyde. . Al nost al I experinmental netastases (black nel anotic nodul es)
were eradi catedyRs Sml8BP13-/- and | CE-/- nouse |ivers. Fi g. 2 Effect of
irreversible ICE inhibitor and anti-nouse |IL-18 anti body on B 16M cell
adhesion to HSE cells, and IL- 13 and TNF-a production fromuntreated and
B 16M CM treat eobﬂéaﬁace@ﬂllcalumﬁipdéﬁl%p@ ght shKItien oA LD g@ddictidrhandpsreseionao of
B 16MCMfor 10 h. In sone experinents, both untreated and treated HSE
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adhesion to determ conce tratl 0 ELI SA.
represent  coding sequence for an IL-18 production and/or action inhibitor, such as an IL ISBP

Brief description of the figures

Fig. 1. Experimental hepatic colonization after intrasplenic B16M cell injection

in the wild type, IL-18~/- and ICE-/- mice. Livers were removed on day 10 after B16M

cell injection and fixed in phosphate buffered saline with 10% formaldehyde. Almost all
experimental meatastases (bla-ck melanotic nodules) were eradicated from IL-IB'/ - and

ICE-/- mouse livers.

Fig. 2 Effect of irreversible ICE inhibitor and anti-mouse IL-18 antibody on
B16M cell adhesion to HSE cells, and IL-1B and TNF-a production from untreated and
B16M-CM-treated HSE. Cultured HSE cells were incubated in the presence of
B16M-CM for 10 h. In some experiments, both untreated and treated HSE cells received
10 uM ICEi or 10 pg/ml anti-mouse IL-18 antibody before B16M-CM. The percentage
of B16M cells adhered to HSE substrate was calculated as relative value with respect to
the initial number of added cells. In addition, the culture supernatants were recovered

before adhesion to determine IL-1p and TNF-a concentration by ELISA. Data represent



4 1 3 JAN 2006 the nean SD of 4 separate experinments, each in sextuplicate
(n=24). The augnentation of B 16Mcell adhesion to B 16M CMtreated HSE and
of I'L-1P or TNF-a production wth respect to untreated HSE (*P<0.01) were
statistically significant according to the Student's two-tailjefd jaNngg red
t-test. There were non-statistically significant changes in [1L-1(3 or
TNF-a production and in adhesion of B 16Mcells to HSE cells when these
were treated with ICEi or anti-IL-18 antibody in the absence of B 16M CM
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pg/ M rabbi$tudent is-triaded, Lunpgirged (Est Jhgre WSS oM atrically gegifitanh ghangep in
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cal cul at ed siswhgl ati ve value with respect to the initial nunber of added
cells. The results represent the nmean SD of three separate experinents,
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16M cel I s t@notdrefveGB 1N €3 §6r 18 h before B16M-CM. In addition, 1 ng/ml recombinant
murine IL-1B was also added to some HSE cells together with B16M-CM for & h. In
other experiments, HSE cells received 1 ng/ml murine IL-1p or 100 pg/mi TNF-a for 6
h, and 10 pg/ml rabbit anti-mouse IL-18 polyclonal antibody was added or not 1 h before
the cyfokine treatment. Non-specific IgG polyclonal antibody was also added to
untreated and cytokine-treated HSE  cells. Then, HSE cells were washed and
BCEFCF-AM-labeled B16M cells were added and washed again 8 min later. The
percentage of B16M cells adhered to HSE substrate was calculated as relative value with
respect to the initial number of added celis. The results represent the mean 5D of three
separate experiments, each in sextuplicate (n=18). Differences in the degree of adhesion
with respect to untreated HSE (*) and to IL-18 or TNF-o-treated HSE (**) were
statistically significant (P<0.01), according to the Student’s two-tailed, unpaired f-test.
Non-statistically significant changes in adhesion of B16M cells to other ICEi-treated

control HSE which additionally received or not 1 ng/ml murine IL-1p for 8 h (data not

shown).

Fig. 4. n vitro B16M cells adhesion to IL-18-treated HSE. HSE cells were

incubated with 1 n—g/ml recombinant murine [L-18 for 6 hours. In some experiments, 10

LN



control HSE which additionally received or not 1 ng/m nurine IL- IP for 8
h (data not shown). Fig. 4. In vitro B 16Mcells adhesion to IL-18-treated
HSE. HSE cells were incubated with I ng/m reconbi nant nurine I .18 f
hours. In some experiments, 10 1 3 JAN 2006.) j.g/nm TNF-sRp55!d rJ&’bgﬂﬂﬁ’
ng/mM 1L-1 Ra was added 10 mn before I1L-18. In other experinents, 10
g.g/m anti-VCAM | antibody or a simlar concentration of non-specific
anti-nouse 1gG was added to HSE cells 30 mn before B 16Mcells. Then, B
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probably by inducing the vascular cell adhesion ol ecule-1 (VCAM 1). The
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cells with gdltloned megt CN%fromBlG mel anoma (B 16M cel | cultures
(B 16M CM tBF HHSEBES PHR BRI Ehétiioen B 16M and HSE cel IS in vitro. B
16M CM al so i nduces the production of ILA P and TNF-a by HSE cells in
vitro. However, it has not been clearly denponstrated that tunor netastasis
i s indeed nedi at ed

Detailed description of the invention

Several proinflammatory cytokines, including interleukin (IL)-if and tumor
necrosis factor-alpha (TNF-a), promote the adhesion of cancer cells to endothelial cells,
thereby leading to metastatic spread of tumors. These proinflammatory cytokines
promote adhesion and metastasis probably by inducing the vascular cell adhesion
molecule-1 (VCAM-1). The present invention shows that treatment of primary cultured
murine HSE cells with corditioned medium (CM) from B16 melanoma (B16M) cell
cultures (B16M-CM) promotes the adhesion between B16M and HSE cells in vitro.
B16M-CM also induces the production of IL-1B and TNF-a by HSE cells in vitro.
However, it has not been clearly demonstrated that tumor metastasis is indeed mediated

by IL-1pB and TNF-c.

The present invention shows that B16M-CM induces the production of IL-18 by
HSE cells and that IL-18 is the cytokine contributing to increased adhesion of B16M
cells to HSE cells. IL-18 enhances adhesion by activating VCAM-1 expression in HSE

cells without the involvement of TNF-c or IL18. Incubation of HSE cells with a specific



by I1L-1 P and TNF-a. The present invention shows that B 16M CM i nduces the
production of I1L-18 by HSE cells and that IL-18 is the cytokine
contributing to increased adhesion of B16M cells to HSE cells. 1L-18
enhances adhesion by activating VCAM 1 expression in HSE celj3 it t the
i nvol venment of TNF-a or | L I (3. Incubation of HSE cells with a specific 6
1 3 JAN 2005 caspase-1 inhibitor (10 .iM 18 h) conpletely abrogates B

16M CM i nduced adhesiveness wi thout decreasing TNF-a production, and the
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Simlarly, the recently cloned IL-18 binding protein (IL-18BP) al so

prevents B A&Mi&Vbi ndusell -afhadilivenesentimBidoN-1 § angeodyetol SSEeells pregents
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action are "selec roma group consisting fromanti bodi es directed
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receptor subunits, inhibitors of the IL-18 receptor signalling pathway,
ant agoni st swefe Urlablk@p revrrgchthesolip e3-enduicedhadhesiongThig thepprgzget {yeniipl pgpvides

receptor and | L-18 pbjnding proteing, which bind.lLs 8andr€ - s
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expression, i t's poSsible interaction wt o
selected from a group consisting from antibodies directed against IL-18, antibodies
directed against any one of the two known IL-18 receptor subunits, inhibitors of the
IL-18 receptor signalling pathway, antagonists of IL-18, which competé with IL-18 and
block the JL-18 receptor and IL-18 binding proteins, which bind IL-18 and block its

biological activity.

The present invention relates to the possible rofe of IL-18 in the proinflammatory
cylokine-mediated upregulation of VCAM-1 expression, its possible interaction with
other cytokines and means to prevent this induction of VCAM-1. It was found in
accordance with present invention that IL-18 is operating in the initiation of
proinflammatory events leading to VCAM-1 upregulation in the hepatic sinusoidal wall
and hence, facilitating canc;er cell adhesion and metastasis. Primary cultured mouse HSE
cells treated with B16M-CM were used as a cancer cell-dependent endothelial cell
activation model in order to explore the role of B16M cell-induced IL-18 on the
mechanism of B16M cell adhesion to HSE by a VCAM-1-dependent mechanism. The
specific role of IL-18 —\;.Las examined under conditions of specific IL-1 receptor-blockade

with the use of IL-1Ra, mature IL-1p and [L.-18 secretion inhibition using an irreversible



ot her cytokines and nmeans to prevent this induction of VCAM1. It was found
in accordance with present invention that IL-18 is operating in the
initiation of proinflammtory events |eading to VCAM | upregulation in

the hepatic sinusoidal wall and hence, facilitating cancer ctBladbgsi on
and netastasis. Primary cultured nouse HSE cells treated with B 16M CM
were used as a cancer cell-dependent endothelial cell activation nodel in
order to explore the role of B16M cel |l -induced IL-18 on the nmechanismof B
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i nvol venent of IL 1 (3 and possibly 1L-18 in the pronetastatic role of
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| L- 18 production accounts for the HSE adhesion-stinulating effects induced

by supernatants.derived fromB 16M cell s, i Vi h
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induced HSE. Furthernore, anfibodies to IL-18 decreased B 16M CM i nhi bited
cel | adhesiSincen VEMM- laf fegilagor hecopnodudor oall oddiENBaestiamdating 1ac(igity f bm
HSE cells. Therefore, production of |L-1(3 apd TNF-a in HSE cel |F\)&SN[
B16M-CM-treated HSE, the data indicate that [1.-18 mediates expression 0 -1
from cytokine-induced HSE. Furthermore, antibodies to IL-18 decreased
B16M-CM-inhibited cell adhesion without affecting the production of TNF-c and IL-1B
from HSE cells. Therefore, production of IL-1B and TNF-a in HSE cells was
JL-18-independent and did not contribute to adhesion. Conversely, neither TNF-sR p55
nor IL-1Ra were able to inhibit adhesion increase in IL-18-treated HSE cells, confirming

that neither autocrine TNF-c nor IL-1p accounted for IL-18-induced HSE adhesiveness.

The results in HSE cells are in contrast to those obtained in other cellular systems,

as for example non CDI14" human blood mononuclear cells (25), where IL-18 induced
IL-1B via TNF-a production. It is likely that an HSE-specific proinflammatory cytokine
hierarchy exists in which TNF-o and IL-1f are independent from IL-18 control, but are

using IL-18 as a downstream mediator of VCAM-1 upregulation.

Unlike murine HSE cells, B16M cells did not express the IL¢18_ gene as checked
by RT-PCR; and incubation with ICEi for 18 h did not abrogate cytokine- and
adhesion-stimulating activities of B16M-CM on HSE cells. However, local production

of IL-18 may influence B16M cell behavior during its transit or arrest in the hepatic



| L-18-independent and did not contribute to adhesion. Conversely, neither
TNF-sR p55 nor IL-1 Ra were able to inhibit adhesion increase in

| L-18-treated HSE cells, confirm ng that neither autocrine TNF-a nor

| L-1(3 accounted for IL- 18-induced HSE adhesi veness. The resul3 aNmphiSE

cells are in contrast to those obtained in other cellular systens, as for
exanpl e non CD14+ human bl ood nononucl ear cells (25), where |IL-18 induced
IL-1 P via TNF-a production It is likely that an HSE-specific
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i nt er act i onandesitii-iiv b8 wetthodSi atolistreldythis Bdbddi aestirsuianieg eifeétng t he super nat ant
fromB 16M CMtreated HSE for 6 h also significantly (P<0.01) increased by
2-fold their adhesion to HSE by VCAIVH-dependent mechani sm and anti-IL- 18
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devel opment. Its production fromtunor-activated HSE cells determ nes two

conpl enment alty production from tumor-activated HSE cells determines two complementary
mechanisms involved in the regulation of melanoma cell adhesmn to HSE cells: an
autocrine mechanism in HSE, which controls TNF-a/II;—IB-mediated VCAM-1
upregulation, and a paracrine mechanism in B16M cells, which upregulates melanoma
cell VLA-4, potentiating their VCAM-1-dependent adhesion capacity. This simuitaneous
molecular upregulation of both cell adhesion counterparts make highly valuable the

cancer-capillary endothelial cell interaction pathway.

The IL-18-induced adhesion of BI6M cells is abrogated by inhibitors of IL-18
production and/or action. Inhibitors of IL-18 production include inhibitors of caspase-1.
Inhibitors of IL-18 action are selected from a group consisting from antibodies directed
against [L-18, antibodies éirected against any one of the two known IL-18 receptor
subunits, inhibitors of the IL-18 receptor signalling pathway, antagonists of IL-18, which
compete with IL-18 and block the IL-18 receptor, and IL-18 binding proteins, which
bind JL-18 and block its biological activity.

In addition to the direct use of inhibitors of IL-18 production and/or action, the

present invention also contemplates introduction into cells where the IL-18 production



mechani sns involved in the regul ation of nelanoma cell adhesion to HSE
cells: an autocrine nechanismin HSE, which controls TNF-a/lL-1 p-nedi ated
VCAM 1 upregul ation, and a paracrine nmechanismin B 16M cells, which
upregul ates nel anoma cell VLA-4, potentiating their VCAMI -gapgndent
adhesi on capacity. This simnmultaneous nolecular upregulation of both cel
adhesi on counterparts nmake highly valuable the cancer-capillary
endothelial cell interaction pathway. The |L-18-induced adhesi on of B 16M

cells is abraogated. by.inhibitors of [L-1 roduction _and/ Ctei :
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known | L- 18 ds6i6Rpiedtfor 8oipdnhis e kidwibir thesarofFor kearhplel a Surtgdepeaer carrying
signal l'ing Eat hway, antagonists of |L- 18, which conpete wth il’-Fg‘;lB agd
bl ock the Ithe 1BoyeeDRpA aray bmentioduag tnerllsg thsr wresrrrkeingatRaR1e Bf HEFHPS £8€ and

bl ock its hiol ogical iVi I n.addition to.t h{ac 4.nhi hitors
ot T L- 16" prigtHike 6htaargy i e i e Wad b PR b S fed e BT RSt o
| ntroduct | QYO nfBdd MPEQISDE deberbRaRipicehen, 9el i UMPMERDOI RNAMET
action inhibiting effect is desired. For this purpose a systemfor specific
i ntroduct i owQs0/2984§, artch&h&A encoding an 1L-18BP into the cells is™
necessary. Several possibilities for doing this are known in the art. For

cxample, o su Lgble vecloy Soriying, i he abare, MNA M, be L odusaL Lo

mothods. i) Bet T 98 Ehgh By i Eh ek IR ERACE TR RHL S InerERghE =0

487, \WD99/;28B489s s@Betc@tfh@nSa caspase-1 inhibitor, an antibody against IL-18, an antibody
against any. of the 1L-18 reéeptor subunits, an inhibitor of the IL-18 receptor signaling
pathway, an antagonist which competes with IL-18 and blocks the IL-18 receptor and

IL-18BP or a mﬁtein, fused protein, functional derivative, active fraction or circularly

permutated derivative thereof which has the same activity.

The terms mutein, fused protein, functional derivative, active fraction and

circularly permutated derivative have the same meaning as in WO 99/09063.

Antibodies to IL-18 and IL-18BPs are the preferred active ingredients of the

pharmaceutical compositions.

The pharmaceutical compositions may also comprise conventional carriers,
excipients and other ingredients known in the art, depending on their manner of

application, i.e. injection, oral or any other way known in the art.

The particular dosage will depend on the manner of application, the body weight

of the patient and other factors and will in any case be determined by the physician.

Having now described the invention, the same will be more readily understood
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Phar maceuti cal conpositions in accordance with the invention for the
inhibition of IL-18 production and/or action are those which conprise, as
active ingredient an inhibitor selected froma caspase-1 inhibitor, an
anti body against IL-18, an antibody against any_ of the IL-18§ ¥ gggpis
subunits, an inhibitor of the IL-18 receptor signaling pathway, an

ant agoni st which conpetes with IL-18 and bl ocks the IL-18 receptor and

| L-18BP or a nutein, fused protein, functional derivative, active fraction
or circularly permitated derivative thereof which has.the Yy

The terns nﬁﬁf‘éigﬁ,fe LS Pt E\fﬁf"”‘?%?ﬁ?ﬁ%ﬁ%ﬂhaﬁ@iﬁimg‘fﬁ %Ey g@?%\ﬁ“&?‘%@%%ﬁdand
circularly r L vald: : Jeaning as in WO 99/ 09063.
Ant i bodi es %}g nw&%ﬁg%ggP@/’%@gogﬁg‘ﬁ{%gﬁﬁﬁe elroggd active ingredients of
the pharmaceutical conpositions. The pharnaceutical -. conpositions nmay

al so conpriBeampgentional carriers, excipients and other ingredients
known in the art, depending on their manner of application, i.e.
injection, oral or any other way known in the art. The particul ar dosage
wi |l dependRe#€effS manner of application, the body weight of the patient

and ot her fact Orﬁ%gﬂ&{a{ﬁ%hge pEn\ Icagtsaﬁtigﬁog%t t{}%meld n%ho%i?ﬁapg_b{t??&&jyan.

Havi ng now descri e I nvention, e sane W be nore readily

under st 00d Jfre lobRaid MNP 8 etdidcou@h (Defed ePEdaid). RBSorhibhbmwnogneXaiipl es t hat
are provided by way of illustration and are not intended to be limting of

the presentwinventiednroExR&p SgsteRdagefismeapelis, M) - ReWsDIPHE AR at

anti-mouse 1\1{%%6%35{3? Oa(-:nltfg%%list a&ii-ll?ioad)(vas a kind gift from The Upjohn Co,
Kalamazoo, MI) and human p55 TNF soluble receptor (TNFsR p55) was a kind
gift from Serono Inc., Norwell, MA. IL-1B converting enzyme inhibitor (ICEi)
was obtained from Aie>_¢is Co. (San Diego, CA). Recombinant murine IL-18 and
ra;bbit anti-mouse IL-18 polyclonal antibody 1gG was purchased from PeproTech
EC Ltd. (London, UK). IL-18 binding protein (IL-18BP). was produced as

described (28).

Culture of B16M cells. B16M cells were cultured, maintained and passaged as
previously described (11). B16M conditioned— medium (B16M-CM) was prepared as
follows: 5x10° cells were plated in a 25 cm?® T-flask and cultured for 24h. After which,
cells were cultured for an additional period of 24 h in 5 mi serum-free medium (final
cellular density of 6x10° c__ells/cmz). Supernatants were collected, diluted 3:1 in fresh

serum-free medium and passed through a 0.22 Im filter.

Cytokine Analysis. Release of cytokines from primary cultured HSE cells and
B16M cells was measured using specific ELISA kits based on anti-mouse IL-1( and
TNF-o. monoclonal antibodies, as suggested by the manufacturer (R&D Systems,

Minneapolis, MN).
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were obtained from Serotec Ltd. (Oxford, England). Reconbinant nurine |L-
P was obtained fromR& SystemlInc. (M nneapolis, MN). Reconbi nant human
IL-1 receptor antagonist (IL-1Ra was a kind gift from The Upj ohn Co.

Kal amazoo, M) and human p55 TNF sol ubl e receptor (TNFsR p55) whsiA W0hd
gift fromSerono Inc., Norwell, MA. IL-1(3 converting enzyme inhibitor
(ICEi) was obtained fromAl exis Co. (San D ego, CA). Reconbi nant mnurine
| L-18 and rabbit anti-nouse |IL- 18 pol yclonal antibody I gG was purchased
from PeproTech (London, . UK) . - 18 bi ndi i .

produced as des%¥HBE gauanfulaliye &8989 RIS SRS VLR
cul tured, ikt gl evil. ot ,]quegﬁtr : i
conditi onegﬁ %d%%&?@%%@%%% 8@8@%@‘%@@@’% V\gk&g%l%r%%?g?l géév\\d;enrbgd
plated in a2y cn2 THileagk and gallst ured e 24h. Albeledwhi ch, withel | s wehe
cultured for an additional period of 24 h in 5 m serumfree nedium (final
cel lul ar dehsbisy2 chrtexyehyd el §-sirbn)lucseseinraewmymeliastesol | ect ed, SeiutigRed
3:1in fresh serumfree nedium and passed through a 0.22 Imfill@%er.
Oyt oki ne AndGECE-Alde Mase!laf Propesnibugese, fRhaprepared (il TheedxHeE celéy/vvellan

PP and YR SR G Ate ol g S Es, Bbls biF oy o Re BB TR afier

(R&D Syste - | [ J oExahas LetHandd Watniov e
B16M Cel | Anglﬁ]g%%lﬁp?g&gr{n%rrglruWI—E%ééEhb&?e@a&%’é%“&g%ggepgr aetted from s

syngenei ¢ ngatitdtidenhéthbe dassddorc tllpkeviadadeqeribvd dustepcaes angdsentment system

(16). In some experiments, HSE cells were pre-incubated with B16M-CM for several

hours before addition of B16M cells.

Example 2: Hepatic Metastasis Assay. Wild-type, IL-1p-/~ and ICE~- male

C57BL/6] mice were generated ‘as-previously described (27). Six- to eight-week-old
mice, housed five per cage, were used. Hepatic metastases were produced by the
intrasplenic injection into anesthetized mice (Nembutal, 50 mg/kg intraperitoneal) of
3%10° viable B16 melanoma cells suspended in 0.1 ml Hanks’ balanced salt solution.
Mice were killed under anesthesia on the 10th day after the injection of cancer cells.
Liver tissues were processed for histology. Densitometric analysis of digitalized
microscopic images was used to discriminate metastatic B16M from normal hepatic

tissue and the liver metastasis density, which is the number of metastases per 100 mm3

of liver (based on the mean number of foci detected in fifteen 10x10 mm? sections per

liver), was calculated using previously described stereological procedures (17).
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(26). B 16Mcells were |labeled with 21 7'-bis-(2-carboxyethyl)-5, 6. carbox;
fl uorescei n-acet oxynet hyl ester solution (BCECF-AM Mol ecul ar Probes,
Eugene, OR) as reported (16). Then, 2x105 cells/well were added to

24-wel | -plate culti.ired HSE and 8 inin' later, wells were washeg jRrf6;
times with fresh nedium The nunber of adhering cells was determ ned using
a quantitative nethod based on a previously described fluorescence

measur enent system (16). In sone experinents, HSE cells were pre-incubated
wth B 16M CMT g, Severl W&hALSs 39 HrBR eRlos eghd ?ni%@%@:!ﬁt@ 2:
Hepatic Metasta . = , = == ==

mce were gENekalRAI@E DRfi&¥hOWEicY. BRECHhEGRHAER Dxpedinkntst Oneiyght apsee ket d

m ce, housed Trve per cage, were used. Hepatic netastases were produced by
the i ntraspirémined iusjrectwodiffentrs udss nétsame B HiN ec{iNartasplenicalp ingriRg in
intraperitoneal) of 3x105 viable B16 nel anoma cells suspended in 0.1 ni
Hanks' bal aaredtdC §EBI(6Isw!lditymen ICEN erd Werl@~/kinmibe dNeesic wpettivasicaanpiraipd
10th day after the injection of cancer cells. . Liver. tissues were.processed
for hi st of OY5IDIeDEHHTSREITES dRallfsTRCHT TG YRBSAEE. ThCEr GOHHH o THAGES
was used toged.scrim S I G,.B. f e IhGrads ] d
the 11 ver rofaar e R S e T e M s
of liver (b - Fll%p;lthe-r f 1 f.0c],qd dycdm/f |

sections pe(?e% |€e[hr§l,g%\§\g§§c%§ cu altnelg ls?ﬁdgl]] dbssee\%%?)lgélley@de@%&ﬁ@%ﬁrg&ﬁm

st er eol ogi cal wipd-BgrAubes ier} (Fie2 11 8 qlANiIRA06 hisxaopics! AtalRédusedmber and
Metastasis and Gowmh of BI6M Cells Injected into IL-1L and | CE Defici ent
Mce. Two indepemduntatiodper warparsied one ta determing muctasipsie depselyf(@s padiaseil Y

two different ,batches of sane B 16Mcells intrasplenically injected jn
mm?3) and volume (percent organ occupancy) parameters in studied mouse livers.

Compared to wild-type mice (Table 1), hepatic metastasis density significantly (£<0.01)

decreased in IL-1B~- and ICE-/- mouse livers by 84%-t0-90%, indicating that most of

injected B16M cells were unable to implantate in hepatic tissue from these mice. In

addition, metastasis volume also significantly (P<0.01) decreased in IL-1p-/- and ICE-/-
mouse livers by 6-to-7-fold, as compared to values in wild-type mouse livers, indicating

that B16M cells succeeding to colonize liver had also a reduced growth rate. We also
observed a difference in these metastasis parameters between IL-1B~/- and ICE-/- mouse

livers, leading to metastasis eradication in almost all ICE-~ mouse livers from

experiment [ (Fig. 1).



adult C57B1/6J wild-type, ICE-/- and IL-1 ~-~ mce. Necropsic inspection
denonstrated visible nelanotic tunors in the spleen fromall assayed m ce,
wi thout significant differences in size as evaluated by splenic weight
(Table 1). In contrast, a marked decrease in netastasis occur{ygdjanodok- 1
13-/- and, specially, ICE-/- nouse livers conpared to wld-type nouse
livers (Fig. 1). A quantitative histological analysis on nunber and size
of nmetastatic foci was carried out to determ ne netastasis density (as no.
foci/1 00 mm8) and volune (percent organ ?‘cupancy) paranmeters in studied
nmouse livers. Conpared to wild-type a8 %%%ble 1), hepatic netastasis
density significantly (P<0.01) decreased in IL-13-/- and ICE-/- nouse

livers by 84%adiRaRR%niitBotAl | Bghiydiat offogfe afx eﬂu@b@t@t ellefRtit 6 Mo paidatiome e
unabl e 10 i gl aRtal )| AiQERE v RSHAL [ 9 1PSe M&e. I n_ addi ti on

met ast asi s w6
| CE-/- nouse Ilvers by 6- to 7- foId as cQ

ed to values .in
mouse livers, indicating that B 16ff! 8@??1@%%eedl ng %ta%%ﬁl%ﬁ?lﬁ‘@el i ver had

al so a reduced growh rate. W al sg obserVﬁ@ a dgfference in

met ast asi s WAESENBI®Ps bet ween | L- 1 (35300 JOGHO R’ - hpyse (¥H%A9@fv¢ﬁﬁﬁ?ng

to netastasis eradication in alnost all ICE-/- nouse livers from
experiment Exfddrimentl) . 13 1 3 JAN 2006 TABLE | Quantitative histol ogical
anal ysis on the experinental hepatic col onization of

i ntraspl eni caWliy-typy @odeed B16M cel 12841165834, "' - and I CE-/_ m ce Muse
G oup ExperinmenT | WIld-type mce
66.18%
IL-1,” mice 25.18+21.02*
10.05%
ICE™ mice 13.56£16.20% 2.1%

Experiment 11

Wild-type mice 198.40+100.54
59.62% _

IL-1B " mice 33.79+19.89*
9.70%

ICE” mice 27.73+15.68*
8.08%

Data represent average values £SD from two independent experiments (7 to 15
mice per experimental group were used).

*Differences that were statistically significant (two-sided, p<0.01) -with respect
to wild type mice employing the analysis of variance (ANOVA) and the
Scheffe F-test, are indicated.
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66.18% IL- I,-/- mce 10.05% ICE-'- mce Experinment 11 WId-type mce -
59. 62% Metastasis density Metastasis volune (as no. foci/100 mi) (as %
liver volunme) 234.1658.36 25.1821.02* 13.5616.20* 198.40100.54 IL-1 R a"
m ce 33.7919.89* 9.70% | CE-" nice 27.7315.68* 8.08% 2. 1% Dat a r &pihis&ph
average values SD fromtwo i ndependent experinents (7 to 15 mce per
experinmental group were used). *Differences that were statistically
significant (two-sided, p<0.0l1l)-with respect to wild type mce enpldying

the analysis of E’X%HDG}QC%;(M@m@nqLEf? I\/Pe%i]ftfege’flﬁlf—%ét and e1iAginateds 14
Adhesiveness from BI6M-CM-Activated HSE. B16M-CM significantly (£<0.01)

increased HSE cell production of TNF-o and IL-1f, and their adhesiveness for other
B16M cells in vitro (Fig. 2). Incubation of HSE with 10 uM ICEi for 18 h completely
abrogated B16M-CM-induced adhesiveness without decreasing "l_"NF-a production from
HSE. Excgenously added murins I1-18 did not compensate for the blocking effect of
ICEi on HSE, which is in contrast to the significant B16M cell adhesion increase in
IL-1p-treated control HSE (Fig. 3). The fact that B16M-CM-induced adhesion
enhancement was abolished in the presence of elevated concentrations of endogenously
produced TNF-ct and exogenously added IL-1pB indicates that none of these cytokines
directly upregulated HSE adhesiveness. Importantly, the presence of anti-murine IL-18
antibody added to HSE before stimulation with BIl16M-CM preven{ed
B16M-CM-induced adhesiveness without affecting induced IL-1p and TNF-a
production from HSE (Fig. 2). Moreover, anti-IL-18 antibody also prevenied
adhesion-stimulating effects of murine IL-1f and TNF-c on HSE (Fig. 3), indicating that
proadhesive actions of these cytokines on HSE were both IL-18-mediated. RT-PCR
confirmed that HSE cells expressed IL-18 gene (data not shown). Conversely, murine
IL-18 significantly (P<0.01) increased B16M cell adhesion to HSE (Fig. 4), and neither
TNEF-sR p55 nor IL-1Ra were able to inhibit it, confirming that neither autocrine TNF-a
nor 1L.-18 accounted for IL-18-induced HSE adhesiveness. However, as shown in Fig. 4,
anti-VCAM-1 antibody completely inhibited adhesion of B16M cells to IL-18-treated
HSE. Control non-specific IgG did not affect the upregulation of B16M cell adhesion to
IL.-18-treated HSE.



1 3 JAN 2006 Exanple 4: Autocrine |L-18 Mediates TNF-a- and |IL-1 -1nduced
Adhesi veness from B16M CM Acti vated HSE. B16M CM significantly (P<0.01)

i ncreased HSE cell production of TNF-a and |IL-13, and their adhesiveness
for other B 16Mcells in vitro (Fig. 2). Incubation of HSE wiith JAG 3804 | CEi
for 18 h conpletely abrogated B 16M CM i nduced adhesi veness w t hout

decreasing TNF-a production fromHSE. |y added -nurinee I1l,- I~ did not
conpensate for the blocking effect of |1CE on HSE, which is in contrast to
the significant (B | G eSOk : Qéﬁes'ic{h of B16 hdmhbanat &disGaatEad

HSE (Fig. 3). ThE
abol i shed iy Bh@c@ﬁ@ﬁﬁ‘)ﬁ!@ﬂ rﬁédxﬁhﬁvatsaﬂoﬁ/ﬁnﬁambtealItﬁlSiddmoarmfoI@.eh&ﬂ%kaISE
produced TNF-@ and exogenously added IL-13 indicates that none_of

th
cyt oki nes sdnm@!td witlp B GeC ik eQﬁUBiSEtlﬁaﬁdn€§ﬁﬂﬁeﬁ%§@herﬂﬂﬁp@ﬁﬂ3aﬁﬁmy33°(°h‘@ W@s/‘énce
260 M pr evBRt 84 T e AL A, Shge S oSl ot tp g Pl elbfhes
IL-1 13 anqe\]'l}l ’f%dhé} r%g&ﬁ Sd%rfhs%f bQm Mgéufrf:'ﬂns febult ngf‘e@téethat fobeddus 18-18

ant i body al so reven on-stinulating effects of nuriné IL-1 R and
TNF-a on HSEg "L:}"QHSE)maj' i eadridogeridnatsonioe eddhesi wmeadaitdrowsthef pieheg én the
cyt oki nes on HSE were both IL-18-nediated. RT-PCR confirmed that HSE cells
expressed I1BLoM-(Gdne (data not shown). Conversely, nmurine |L-18
significantly (P<0.01) increased B16M cell adhesion to HSE (Fig. 4), and
neither TNF-sR p55 nor IL-1Ra were able to inhibit it, confirmng that

nei ther autocrine TNF-a nor IL-1 P accounted for |L-18-induced HSE

adhesi veness. However, as shown in Fig. 4, anti-VCAMI antibody conpletely
i nhi bited adhesion of Bl6Mcells to | ;FABLEr2ated HSE. Control
non-specific 1gG did not affect the upregulation of B 16M cell adhesion to

| L-18-treated HSE.
Inhibitory Effect of IL-1BP on B16-conditioned medium adhesion of B16 me!anoma cells

to Hepatic Sinsusoidal Endothelial Cells

% Melanoma Cell Adhesion

Basal medium 10.15x1.5
B16-CM - 35.10+4 .4
B16-CM/IL-18BP (1 ng/ml) 15.0042.5%*
B16-CM/IL-18BP (10 ng/ml) 8.70£1.1*%

Data represent average values +SD from 2 independent experiments done in sextuplicat

(N=12)

** Differences that were statistically significant (two-sided, p<0.01) with respect to
B16-CM employing the analysis of variance (ANOVA) and the Scheffe F-test, are

indicated.



15 1 3 JAN 2006 Exanple 5: |L-18BP prevents the adhesion of B16 nel anoma
cells induced by Bl6-conditioned nmedium As shown in Table 2, the addition
of IL-18BP to HSE stinmulated with B 16-CM reduced the percent of adhering
cells from35%to 8. 70% (p<0.01). This represents a 100% i nhi hidt ¥ 286nce
the | evel of adhesion was below the |evel of adhering cells using basal
medi um This result suggests that endogenous IL-18 fromth~~ HSE nmay be an
endogenous source of IL-18 i.n addition to that present in the B 16M CM
TABLE 2 Inhibitory Effect of IL-1BP on B16-conditioned nedi um adhesi on of
B16 nel ano Hepatic Sinsusoidal Endothelial Cells % Mel anoma

Cel | Adhes%§@£%¥d%di uml0. 151.5 B 16-Cv35.104.4 B 16-CM | L-18BP (1

ng/ m)15.002.5** B 16-CMIL-18BP (10 ng/m )8.701.1 * * Data represent

aver age val les Sl &2, dnddependernt. (X358 Gansert Besdehi®), ilAS&6%t upl i cat

(N=12) ** Differences that were statistically significant (two-sided,

p<0.01) with respect to_ B16-CM e i t | ysi.s of - i ance ( ANOVA)
and the Scheffe Mepisgn, Cgkeand PMP@L% ?%6 (?S@Wﬁ{%‘f(}%é’ 230/35
3. Freedmar. A., Munro, M.. Rice, G. E., Bevilacqua, M. P., Marimote, C,,
Meclntyre, B. W., Rhynhart, K., Pober, J. S., and Nadler, L. M. (1990) Science 249,
1030-1033

4, Miyake, M., Fuchimoto, S., Iwagaki, H., Matsubara, N., Edamatsu, R., Hiramatsu,
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| L- 18 produdti onUsmdf oinhiigars of iln18 heogirctgarandiconaadibn  ime thec arapatagion oof

I nhi bi t tumor m%@&&ﬁérﬁs tovmﬁﬁﬂurﬂ?c;rlﬂﬁetés%%'isbbvhgrrem%e Hfbﬁ&' c@ﬁ@‘iié'ﬂo'dealon
caspase-1 inhibitor, wherein the inh

sel ected from a'ﬁﬁlcﬁﬁﬁﬁséé infdlitonsndior whereindg inbibitir 6L alferction is aplpcted freme

I'L-18 receptor Sérf@lH&!:éssagalﬁﬁtlﬁggnéﬁtb%dl@g ab&nét%n%f(f% ﬂ_o{@ﬁstc@pt\ﬁ‘r Elhbuh'fs 18 and
bl ock the IL-18 receptor roteins, tern of an -

I 18
bi ndi ng prot ei n ¥EFBISES fo“—'l"ﬁl"ﬂhlﬂ‘tqoﬁ‘@eileLW'%dL 18end BWCk H‘ef|l:r§§de<fﬁptﬂfé|-ﬁ8

conprising an ILblﬂca@pﬂaca.ﬁsganﬁmélﬂldaaﬁapaqlalt@ncmg ,bramrbéatplaaa ofladmbl&gaehaon a
functional derivat.ive L-18 |nd|n %eln capabl e of inhibiting

| L-18 action, arfHeRid 8?51 aat?'aﬁowaﬁis?se '”F’E‘gféo%'i”rr@i’ﬁ*aeﬁf St

capabl e of IL-18 action, a functional derivative of an [L-18 binding protein capable of inhibiting

IL-18 action, an active fraction comprising an IL-18 binding protein capable of
inhibiting IL~-18 action or a circularly permutated derivative of an IL-18 binding
protein capable of inhibiting IL-18 action,

2. The use according to claim 1, wherein the inhibitor of IL-18 action is an antibody to
IL-18.
3. The use according to claim 1, wherein the inhibitor of {L-18 action is a IL-18BP, or

a mutein, derivative or fragment thereof which has the same activity as IL.-18BP.

4. A method of inhibiting tumor metastasis comprising administering an inhibitor of IL-
18 production and/or action.

5. The method according to claim 4, wherein the inhibitor is a caspase-1 inhibitor.

6. The method according to claim 4, wherein the inhibitor of 1L-18 action is selected
from antibodies against IL-18, antibodies against any of the IL-18 receptor
subunits, antagonists of 1l.-18 which compete with 1L.-18 and block the IL-18
receptor, and {L-18 binding proteins, a mutein, fused protein, functional derivative,
active fraction or circularly permutated derivative thereof which has the same

activity.
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inhibiting IL-18 action or a circularly pernutated derivative of an IL-18
bi nding protein capable of inhibiting IL-18 action. 2. The use according
to claim1, wherein the inhibitor of IL-18 action is an antibody to |L-18.
3. The use according to claimi1, wherein the inhibitor of IL-18 H2H is a
IL-11 8BP, or a nutein, derivative or fragnment thereof which has the sane
activity as IL-18BP. 4. A nethod of inhibiting tunor netastasis conprising
adm nistering an inhibitor of IL- 18 production and/or action. 5. The

met hod according to claim4, wherein the inhibitor is a caspase-1

i nhi bitor. 6. Thé&heretditut amoatiny togclbion cd,avtmardin tirdadntébitor bhé-1 S betlontisranof
IL-18 action is 3&&%8%@ L18romantlbodles agai nst |L-18, anti bodi es agai nst
any of the IL-18"rece Subunits, antagonists of IL-18 which conpete
with IL-18 and block the IL-18 receptor, and IL-18 binding proteins, a
nmut ei n, fused pr A fir r

circul arI y ger rru-?]tgﬁa hcﬂ{aért:&gﬁgir@\’}gkltaﬁrg#e lfetr!\el\ﬁ%e :nrﬁgsdr)ﬂﬁL 13%%6@3?:91 1\/8 i 20 1
"3 JAN 2006 7. Theramtigisddervativanriigomenidherohwhichiiestied samerctivibiisti-f &7 of
IL-18 action is an antibody to IL-18. 8. The nethod according to claim4,
wherein the inhibitor of IL-18 action is a |IL-18 BP, or a mnmutein,
derivative or fragnent thereof which has the sane activity as |L-18BP. 21
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