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30  Therefore, development of new therapeutlc methods for metastatic liver cancer is in urgent need.
Tumor metastasis progresses in a series of biological steps which move tumor cells from the
primary organ to a distant site. During this process, tumor metastasis is controlled by various
genetic and epigenetic factors (Non-Patent Document 8). _

The nuclear factor (NF)-xB transcription factor is an important regulator of genes
35  involved in inflammation and suppression of apoptosis (Non-Patent Document 9). In resting

cells, NF-xB is maintained in the cytoplasm in an inactive state by binding to IxB. IxB is
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25  cancer metastasis. More specifically, an objective of the present invention is to provide cancer

metastasis inhibitors comprising an IL-6 inhibitor as an active ingredient.

[Means for Solving the Problems]
The present inventors used a model of liver metastasis induced through the spleen to

30  determine whether NF-xB activation in the liver is associated with the onset of metastatic tumors.
Liver cell-specific deletion of IKKB which prevents NF-xB activation in liver cells did not affect
the onset of metastatic tumors. In contrast, when IKK was deleted from both liver cells and
hematopoietically-derived cells, the onset of tumors was decreased remarkably. Tumor cells
activated neighboring hematopoietic cells (Kupffer cells) and produced mitogens such as

35  interleukin (IL)-6, and this promoted angiogenesis and tumor growth. The mitogen production
depended on NF-kB in hematopoictic Kupffer cells. TFurthermore, treatment with an anti-IL-6
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[9] the method of [8], which suppresses cancer metastasis to the liver;
[10] the method of [8] or [9], wherein the I[.-6 inhibitor is an IL-6 receptor inhibitor;
[11] the method of [10], wherein the IL-6 receptor inhibitor is a human IL.-6 receptor inhibitor;
[12] the method of [10] or [11], wherein the TL-6 receptor inhibitor is an anti-IT.-6 receptor
25  antibody;
{13] the method of [12], wherein the anti-I1.-6 receptor antibody is a chimeric, humanized, or
human antibody;
[14] the method of any one of [8] to [13], which suppresses metastasis of lung cancer to the liver;
[15] use of an I.-6 iohibitor for production of a cancer metastasis inhibitor;
30  [16] the use of [15], which suppresses cancer metastasis to the liver;
[17] the use of [15] or [16], wherein the IL-6 inhibitor is an IL-6 receptor inhibitor;
[18] the use of | 17], wherein the IL-6 receptor inhibitor is a human IL-6 receptor inhibitor;
[19] the use of [17] or [18], wherein the IL-6 receptor inhibitor is an anti-IL-6 receptor antibody;
[20] the use of [19], wherein the anti-IL.-6 receptor antibody is a chimeric, humanized, or human
35 antibody;

[21] the use of any one of [15] to [20], which suppresses metastasis of lung cancer to the liver;
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the latter |,]lshpre erred for_|arge-scal e antibody production. 35For

exanpl e, ant 129¢ 2% tyve £ase 8 Haﬁtr?%wpmt@awnﬁgxwﬁﬁeﬂ@@m edlanemplrapg anshr ed
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abdomi ?@(% 0 A ) %%‘é“ Bﬁﬁfﬁ?w&fﬁﬁﬁﬂfl@b’ copsigtstod dhe puri fyi ng
a PM km&tihﬂﬂweélbﬁ)Bf&h@el&&fdnﬂﬁ‘éne—&fun@)ﬂ%ebéﬁéﬂﬂad AERYRIp gRMa i n an

a ropr| 1640 di um confai ning 10% f et al bovi ne

agg/&g aﬁ}ngir%;gatomnt(hg ek Be traRBRFRRRRS regW’d?rltlﬂ’MeSFM medi um 5

( GTBC@rzBﬁm)ambB&ithﬂ intreeliulan feHoBSO- &BLIL 6 @éceptor 2§ Helaipl@Rb ak Bh MY6PM 1

nt i from r rn
ant bOd ptoropro%el X Cf'ént B eeusead asa sensmzmg antigen for producing an anti-IL-6

receptor antibody used in the present invention.
Afier transforming an appropriate host cell with a known expression vector system into
35  which an IL-6 receptor gene sequence has been inserted, the IL-6 receptor protein of interest is
purified from the inside of the host cell or from the culture supernatant using a known method.



« Reconbi nant anti bodi es can be used as the npnocl onal antibodi es of the

present invention, wherein the antibodies are produced using genetic
reconbi nati on techni ques by cloning am@nti body gene froma hybri dons,
“inserting the gene into an appropriate vector, and 10 then introducing the
vector into a host (see, for exanple, Borrebaeck, C. A K. and Larrick, J.
W, Therapeutic Monoclonal Antibodies, published in the United Ki ngdom by
Macmi | | an Publishers Ltd, 1990). Mre specifically, nmRNAs encodi ng
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engoding a TURANANLD PG 6F e Alinedd4884 IR Litd a},@zﬂ; oot cBERE 255 O
vector and |ntro cing 1t Into 0S or production ean Pat ent
Appl i cmrfmmbmg kaewometiwdsHor wopaig;the meded af Milstdin Fraale@s'tohhqy,pﬁuaudtu on
Publ i cgg Isfé @0 %@)(lggﬁlﬁ gqg ng%pd can be used to obtain

se t [

chineric antl bo | es U for t’he’presen nvention. Humani zed
ant i bodi es dﬂéreaﬁpg‘é;ﬁﬁfé%ﬁm@éolﬁmea@mé@nﬁﬁ@@m aelreeadtin getirdsiuteent culfuse

medium in the presence of a cell fusion enhancing agent. For example, polyethylene glycol
30 (PEG), Sendai virus (HVJ), and such are used as fusion enhancing agents. Further, to enhance
fusion efficiency, auxiliary agents such as dimethyl sulfoxide may be added depending on the

need.
The ratio of immune cells to myeloma cells used is preferably, for example, 1 to 10
immune celis for each myeloma cell.  The culture medium used for the aforementioned cell
35  fusion is, for example, the RPMI 1640 or MEM culture medium, which are suitable for

- proliferation of the aforementioned myeloma cells. A general culture medium used for



« anti bodi es wherein the conplenentarity determ ning regions (CDRs) of an

anti body froma nmamual other than human (e.g., a nouse antibody) are
transferred into the CDRs of human antiibodi es. General nethods for this

" gene reconbination are al so known (see, European Patent 15 Application

Publication No. EP 125023, I|nternational Patent Application Publication
No. WO 92/19759). More specifically, DNA sequences designed such
that the CDRs of a nouse antibody are ligated with the framework regiPns
(FRs) efltmingibistyrermficodasn alpebe yiedh e Ensthaimete. spoosuppiemgyis sugh as fetal cal

ol i gon | : in overlapping portions at their
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expr essiaBeMeHb® hmbints B OHESENBhA BaPR@s cell An@ R 1ae: ddlienAbmani zed
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WO 93/.19172, WD 95/ 01438, .and

93/11236 .95/ 15388, can _be used as._ ..
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used, the anti ene cahp.be ressed usi DNA i n-whi {1 body

gone. t oY B praekeds e Faferren sl Pt et s b Sbeepdivte it So § e,

pr onot antisiliesairoobtyindd 83 gohts; dwwn Sthe darmen inctlivg iapteifdrodyfogebteiningrandbedics or

conpri si.pg .t.he i anples of. a pro er/ enha | e the human
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method disclosed in JP-A (Kokai) Hei 3-139293. Such hybridomas can be prepared by




*for use in the present invention include viral pronoters/enhancers from
retroviruses, polyoma viruses, adenoviruses, siman virus 40 (Sv40), and
~such; and al so include manmal i an cell-gerived pronoters/enhancers such as
" human el ongation factor la (HEF 1 a). For exanple, when the SV40
pronot er/ enhancer is used, the expression can be easily 30 perfornmed by
followng the nethod by Mulligan et al. (Mulligan, R C et al., Nature
(1979) 277, 108- 114) AIternatlver in the case of the HEFl a

pr onot éNpEEEARMr L artihedyrerovaing\hyhiidemainia thetabdeminghsavits iof mB AL c arpuise,
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ligati cony. ional pronDter srgn equence for ant] bod
RS SRS DTN 8 S VR R
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for exarrp e, nyel orra baby ham;ter Ki dney (1311K La Ver o,

and suEmst-sagd %ﬁws@e{fﬁ@d $OP0. o e fo SYmthesizs apdepplty thaaDNaAY, thasect

cell's, srmc%aemb@(mﬁ&anaf/r% ermSPm%nﬂaﬁq@éad moueAglmt) 896%9!9% 90'091 ude
cells derr%§% from Ni_cotj ana.tabacu cul t ur ed
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met hods 1 For exalrrﬁaf !F\S%M RPM be used ?ﬁlthe
cul t ur Sl Yrrelg Eoerrapﬁrga Laﬁierﬁrogn errva%wt Clﬁe idgssequence of the
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an expression Vector comprising a DNA of an antlbody C region. .

To produce an antibody to be used in the present invention, as described below, an
35  antibody gene is inserted into an expression vector such that it is expressed under the control of

an expression regulating region, for example, an enhancer and promoter. Then, the antibody



- @ aser, SPECTRUM Bi ot echnol ogy Applications, 1993). Furthernore, insects
that can be used 16 include silkwrns. Wen using plants, tobacco may be
used, for exanple. An anti body gene is introduced into these aninmals
" or plants, the antibody is produced in the body of the animals or plants,
and this antibody is then recovered. For exanple, an antibody gene can be
prepared as a fusion gene by inserting it into the mddle of a gene
encoding 5 a proteln such as goat p_ casein, which is uniquely produced
into nidkbe EAcsehighEmsOTEdND? hast Ggll PHE This SKFRSSENECtRhi ch i ncl udes t he
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( 1?34) oﬂbtame'S QQmEﬁﬁdnedléBS‘\VAhh Sdn’[H@l\DNB’Berﬁb&ng a@@mah Iaﬁtllﬁjdlyl@\ﬂfgitll;l theR msmftﬂﬁgt Sd
Wi a_baculovirus into whic esir s been inser :
Bnd ¢ RETHGL S EMERTOD Ay &R FBHACRE LR RTGR dcof TPRGA st
si | kwopppli¢aadabliGatioaNAIEP, lmwlﬁtefnh%ﬁe)l Paftht ApfiRabSd PublidatieoNer WOnhen
oxpr 0007 38 Dot SPE0g MEiAEaaR UG PEE0 S PETAT ohth e o G Rem
batd er irzestimh as Agrobacterlun1tunefa0|ens This bacteriumis used to
infect tob X i got i i
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expression vect or transformTig ost ernationa

Appl i cAHLBADubI | catl on No. WO 94/ 11523) 25The anti bodies used in the
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- "Continuation of Devel opnent of Pharmaceuticals, Vol. 14, Peptide
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35 The concentration of an antibody obtained as mentioned above can be determined by

absorbance measurement, ELISA, or such. Specifically, absorbance is determined by
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When producing an IL-6 receptor partial peptide by peptide synthesis methods,
generally used peptide synthesis methods, for example, solid phase synthesis methods or liquid
phase synthesis methods may be used.
30 Specifically, the peptides can be synthesized according to the method described in
“Continuation of Development of Pharmaceuticals, Vol. 14, Peptide Synthesis (in Japanese) (ed.
Haruaki Yajima, 1991, Hirckawa Shoten)”. As a solid phase synthesis method, for example,
the following method is used: the amino acid corresponding to the C terminus of the peptide to
be synthesized is bound to a support that is insoluble in organic solvents, then the peptide strand
35  is elongated by alternately repeating the reaction of condensing amino acids, whose a-amino
groups and branch chain functional groups are protected with appropriate protecting groups, one
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S30 Inhibitors of cancer metastasis of the present invention may be used for suppressing
metastasis of metastatic cancers such as colorectal cancer, breast cancer, lung cancer, prostate
cancer, pancreatic cancer, and kidney cancer.

In a preferred embodiment of the present invention, suppression of cancer metastasis
includes suppression of liver metastasis of cancer derived from a site, tissue, or organ other than
35  theliver. In the present invention, cancer that metastasizes to the liver may be; without

particular limitation, cancer derived from any site, tissue, or organ. Examples of primary foci
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Herein, sugar alcohols include, for example, mannitol, sorbitol, and inositol.
When the agents of the present invention are prepared as aqueous solutions for injection,
5  the agents may be mixed with, for example, physiological saline, and/or 1sotonic solution
containing glucose or other auxiliary agents (such as D-sorbitol, D-mannose, D-mannitol, and
sodium chloride). 'The aqueous solutions may be used in combination with appropriate
solubilizing agents such as alcohols (ethanol and such), polyalcohols (propylene glycol, PEG,
and such), or non-ionic detergents (Polysorbate 80 and HCO-50).
10 If desired, the agents may further comprise diluents, solubilizers, pH adjusters, soothing

agents, sulfur-containing reducing agents, antioxidants, and such.

Herein, the sulfur-containing reducing agents include, for example, compounds
comprising sulthydry] groups such as N-acetylcysteine, N-acetylhomocysteine, thioctic acid,
thiodiglycol, thioethanolamine, thioglycerol, thioserbitol, thioglycolic acid and salts thereof,

15  sodium thiosulfate, glutathione, and thioalkanoic acids having one to seven carbon atoms.

Moreover, the antioxidants in the present invention include, for example, erythorbic acid,
dibutylhydroxy toluene, butylhydroxy anisole, a-tocopherol, tocopherol acetate, L-ascorbic acid
and salts thereof, L-ascorbic acid palmitate, L-ascorbic acid stearate, sodium hydrogen sulfite,
sodium sulfite, triamyl gallate, propyl gallate, and chelating agents such as disodium

20 . ethylenediamine tetraacetate (EDTA), sodium pyrophosphate, and sodium metaphosphate.

If required, the agents may be encapsulated in microcapsules (microcapsules of
hydroxymethylcellulose, gelatin, poly[methylmethacrylic acid] or such) or prepared as colloidal
drug delivery systems (liposome, albumin microspheres, microemulsion, nano-particles,
nano-capsules, and such) (see “Remington’s Pharmaceutical Science 16™ edition”, Oslo Ed.,

25 1980, and the like). Furthermore, methods for preparing agents as sustained-release agents are
also known, and are applicable to the present invention (Langer ef al., J. Biomed. Mater. Res.
1981, 15: 167-277; Langer, Chem. Tech. 1982, 12: 98-105; U.S. Patent No. 3,773,919; European
Patent Application No. (EP) 58,481; Sidman et al., Biopolymers 1983, 22: 547-556; and EP
133,988).

30 Pharmaceutically acceptable carriers used are appropriately selected from those
described above or combined depending on the type of dosage form, but are not limited thereto.

The present invention relates to methods for suppressing metastasis of cancer to another
site, tissue, or organ in a subject, which comprise the step of administering an IL-6 inhibitor to a
subject who has developed cancer.

35 In the present invention, “subject™ refers to an organism to which a metastasis inhibitor

of the present invention is administered, or a portion of the body of the organism. The
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organisms include animals (for example, humans, domestic animal species, and wild animals),
but are not particularly limited thereto.

Furthermore, there is no particular limitation on the sites, tissues, or organs in which
metastasis occurs; however, a preferred example is metastasis to the liver. A particularly
preferred example is metastasis of lung cancer to the liver.

In the present invention, “administration” includes oral and parenteral administration.
Oral administration includes administration in the form of oral agents. Dosage forms such as
granules, powders, tablets, capsules, solvents, emulsions, and suspensions can be selected for
oral agents.

Parenteral administration includes, for example, administration in the form of injections.
Examples of such injections include subcutaneous injections, intramuscular injections, and
intraperitoneal injections. Meanwhile, the effects of the methods of the present invention can
be achieved by introducing a gene comprising an oligonucleotide to be administered into a living
body using a gene therapy technique. Alternatively, a pharmaceutical agent of the present
invention may be administered locally to the site to be treated.  For example, the agent can be

- administered by local injection during surgery, use of a catheter, or targeted gene delivery of a

DNA encoding a peptide of the present invention.

When carrying out the methods of the present invention, a pharmaceutical agent of the
present invention may be administered as part of a pharmaceutical composition together with at
least one known pharmaceutical agent.  Alternatively, a pharmaceutical agent of the present
invention may be administered simultaneously with at least one known anticancer agent (for
example, inhibitor of cancer metastasis). In an embodiment, a pharmaceutical agent of the
present invention and a known anticancer agent may be administered substantially
simultaneously.

Furthermore, the present invention relates to methods of screening for substances that
suppress cancer metastasis, which comprise the steps of:

(a) determining the IL-6-inhibiting activity of a test substance; and
(b) selecting a substance that has IL-6-inhibiting activity.

The IL.-6-inhibiting activity can be determined by methods known to those skilled in the
art. For example, the IL-6-inhibiting activity of a test substance can be measured by the
above-mentioned methods.

Substances obtained by the screening of the present invention may be used to suppress
cancer metastasis, in particular, metastasis to the liver.

All prior art documents cited in this specification are incorporated herein by reference.

Examples
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Hereinbelow, the present invention will be specifically described with reference to the

Examples, but it is not to be construed as being limited thereto.

[Materials and methods]
5  <Animals>
IkkB™F mice, TkkBF: Alb-Cre mice (referred to as IkkB**), and IkkBF:Mx1-Cre mice
(referred to as “Ikkp"™™ after poly (IC) injection) are as described in the literature (Maeda, S., et
al. Immunity 19, 725-737 (2003); and Hsu, L.C., ef al. Nature 428, 341-345 (2004)).  All mice
were backcrossed to C57BL/6 at least ten times. IkkB"*:Alb-Cre mice, IkkB**:Mx1-Cre mice,
10 IL-6 knockout (IL-6 KO) mice, IL-1 receptor knockout (IL-1 RKO) mice, and C57BL/6
wild-type (WT) mice were purchased from the Jackson Laboratory. All mice were bred in a
cage equipped with a filter on top, and given autoclave-sterilized feed and water according to the
NIH guidelines at University of California San Diego (UCSD) and Institute for Adult Diseases,
‘Asahi Life Foundation.
15
<Induction and analysis of metastatic tumors™>
LLC and B16F10 cells (500,000 cells/animal) were suspended in 100 pL of
phosphate-buffered saline solution (PBS) and injected into the spleen of 6 to 8 week-old
anesthetized mice. The cells were allowed to move into the liver for a few minutes, and then
20  the spleen was removed. All mice recovered satisfactorily after the operation, and their
physical conditions were monitored daily. After eleven days, most of the animals showed
discomfort, and they were immediately sacrificed by CO; asphyxia. Tumors observed on the

external surface of the liver (> 0.5 mm) were counted and measured using a stereomicroscope.

25  <Antibodies and chemical substances>
The following antibodies were used: anti-IxBa antibody, anti-phosphorylated [xBa

antibody, anti-STAT3 antibody, and anti-phosphorylated STAT3 antibody (Cell Signaling
Biotechnology); anti-TF2D antibody and anti-PCNA antibody (Santa Cruz Biotechnology);
anti-F4/80 antibody (Caltag); von Willebrand factor (vWF; Wako); and anti-IL-6 antibody (R&D

30 Systems). A neutralizing anti-IL-6 receptor antibody was provided by Chugai Pharmaceutical
Co. Ltd. (Becker, C., ef al. Immunity 21, 491-501 (2004)). The NEMO-binding domain peptide
is described in the literature (Shibata, W., ef al. J. Immunol. 179, 2681-2685 (2007)). The
mouse group was treated with NBD or a mutated (mut) NBD peptide at a dose of 4 mg/kg by
intraperitoneal injection.

35
<Cells>
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Mouse Lewis lung cancer (LLC) cells were maintained in Dulbecco’s modified Eagle
medium (DMEM) containing 10% fetal bovine serum (FBS). The mouse macrophage cell line
J774A.1 was maintained in an RPMI medium containing 10% FBS.

5  <Isolation of cultured primary macrophages and nonparenchymal cells>
Bone marrow-derived macrophages (BMDM) were cultured according to literature (Hsu,
L.C., ef al. Nature 428, 341-345 (2004)). Nonparenchymal (NP} cells of the liver were isolated
by collagenase digestion and differential centrifugation. The liver was perfused in sifu as
described in literature (Maeda, S., ef al. Immunity 19, 725-737 (2003)).  The cell suspension
10  was filtered through nylon gauze, and liver cells were removed by centrifuging the filtrate twice
at 50 x g for one minute. The NP fraction was washed with buffer, and then the cells were

seeded onto a plastic culture plate and cultured for one hour.

<Biochemical and Immunohistochemical analyses™>

15 Protein lysates were prepared from tissues and cultured macrophages, and separated by
SDS-polyacrylamide gel electrophoresis (PAGE). Then, the proteins were transferred onto an
Immobilon membrane (Millipore), and analyzed by immunoblotting. Total cellular RNA was .
extracted using the TRIZOL reagent (Invitrogen), and cDNA was synthesized using Superscript
II (Invitrogen). Specific mRNA expression was quantified using real-time polymerase chain

20  reaction (PCR), and this was normalized against GAPDH mRNA expression. Suitable primer
sequences can be used. For array analysis, the mouse NF-xB Signaling Pathway PCR Array
(SABiosciences) was used according to the manufacturer’s instructions.

Electrophoretic mobility shift assay (EMSA) was performed as described in literature
(Maeda, S., ef al. Immunity 19, 725-737 (2003)). The levels of cytokine and soluble IL-6

25  receptor (IL-6sR) were determined using enzyme-linked immunosorbent assay (ELISA) (R&D
System).

Liver tissues were fixed in 10% formaldehyde, and then dehydrated and embedded in
paraffin to produce sections (5 pm-thick). The paraffin in the sections was removed, and
rehydration was performed. Then, the sections were treated with a PBS solution containing 3%

30  H0,, and then incubated with a suitable antibody. The binding of the primary antibody was
detected using a biotinylated secondary antibody (1:500 dilution; Vector Laboratories), and
streptavidin-horseradish peroxidase reaction was performed. Visualization was carried out with
3,3’-diaminobenzidine (DAB; Sigma), and counterstaining was carried out using hematoxylin.

For immunofluorescent staining, frozen sections were incubated with an appropriate

35  antibody at 4°C overnight, and then visualized using secondary antibodies labeled with Alexa
Fluor 488 and 555 (Molecular Probes).
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<Analysis of cell viability and cell cycle by flow cytometry>

Viable cells were measured at 450 nm utilizing Cell Counting Kit-8 (Dojindo Molecular
Tech) which uses
[2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt].

Cell populations at GO/G1, S, and G2-M were determined by flow cytometry analysis of
DNA contents. The values for the cell cycle were each represented by the average of three
measured values, and the sub-G1 stage value represents the percentage of cells at sub-G1 to the

total number of cells in the cell cycle and was shown as mean + SE.

<Statistical analysis>
Data are represented as the mean =+ standard error of the mean (SEM).  The significant
difference was detected using Student’s t-test. P values of < 0.05 were considered significant.

In all cases, the size of the group was selected to produce statistically clear results.

[Example 1] NF-xB activation in tumor cells does not affect tumor metastasis

To investigate the action of NF-xB activation on tumor metastasis, the present inventors
injected Lewis lung cancer (ILLC) cells, which have high metastatic potential, into the mouse
liver through the spleen. Electrophoretic mobility shift assay (EMSA) determined that LLC
inoculation activates NF-kB in the liver (Fig. 1A). Immunostaining of phospho-IxBc, which is
a marker of NF-kB activation, was also observed in the liver four hours after LLC inoculation
(Fig. 1B). Staining with F4/80, which is a marker of Kupffer cells or macrophages, showed that
anti-phospho-IkBa staining (i.e., NF-kB activation) occurs mainly in KupfTer cells (Fig. 1B).
NF-kB activation was not observed in PBS-injected (sham-operated) mice (Fig. 1C).

To investigate the role of NF-kB activation in liver metastasis, the present inventors
stably expressed in LLC cells an undegradable IkBo protein, which is a mutant with
substitutions of Ser’” and Ser® with alanine. This protein is known as the IxB super repressor
(s1IxB), and blocks the classical NF-xB pathway. The NF-xB activity induced by TNFa was
more strongly inhibited in s-rTxB-transfected cells (LLC/SR) than in cells transfected with an
empty vector (LLC/M) (Fig. 2A). However, there was no difference in tumor growth in vitro
between LLC/M and LLC/SR cells (Fig. 2B).

Eleven days after administration of LLC cells into the spleen, liver metastasis was
induced. At this time, it was possible to accurately measure the tumor number and the
tumor-occupied area (Fig. 3B). Male wild-type mice (WT) were inoculated with LLC/M or
LLC/SR. After eleven days, there was no significant difference in the tumor number in the
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liver between the LLC/M-inoculated mice and LLC/SR-inoculated mice (Fig. 3A). These

results indicate that NF-xB activation in LLC cells did not affect liver metastasis in this model.

[Example 2] NF-xB activation in nonparenchymal cells is essential for tumor metastasis
5 To investigate the role of NF-xB activation in mouse liver metastasis, LLC cells were

injected into the spleen of male mice which are homozygous for either a liver cell-specific IKKf
deletion (IkkBAheP) or floxed Ikkp allele (Ikkp™F ) in which a portion of the target gene has been
deleted (Maeda, S., ef al. Immunity 19, 725-737 (2003)).  In IkkB“* mice, IKKf which is
essential for NF-xB activation was absent from liver cells, but present in nonparenchymal cells

10 (NPs) (Maeda S., et al. Cell 2005;121 :977—990).' The tumor number and the tumor-occupied
area were not significantly different among Ikkp™" mice, Ikkp'*: Alb-cre mice, and Ikkp*'®
mice (Figs. 4A and 4B). This suggests that the presence of IKKp in liver cells did not affect
metastasis of tumors induced by LLC cells.  To examine the role of NP in metastasis, the
present inventors crossed IkkBFF mice with Mx-1-Cre transgenic mice which express Cre

15  recombinase under the interferon-inducible Mx1 promoter. When poly (IC) which induces
interferon production is injected into TkkpF*:Mx-1-Cre mice, IKKP is efficiently deleted from
the liver and spleen; however, IKK[ is not deleted from most of the other tissues. Deletion by
Mx-1-Cre is very effective in lymphocytes, Kupffer cells, and liver cells in addition to
macrophages (Hsu LC., ef al. Nature 2004;428:341-345). Whole liver IKX [ knockout mice

20 (IkkBAL+H) showed liver metastasis at a significantly lower liver weight, fewer metastatic foci,
and smaller tumor-occupied area than poly (IC)-injected Ikkp™ mice and Tkkp*"*:Mx-1-Cre
mice (Figs 4C and 4D, and data not shown). The liver of IkkB* mice was markedly swollen
compared to the liver of IkkBgﬁH mice (Fig. 4E). Histopathological analysis of liver tissues
collected from IkkB™" mice (Fig. 4E) showed significant tumor growth with an extensive

25  adhesive region of tumor cells in which atypical nuclei, large number of dividing cells, and
central region of necrosis and bleeding are present. In contrast, the liver derived from KkpA-™H
mice showed tumor growth with low aggressiveness in which multiple focal regions with low
tumor invasion are dispersed randomly throughout the entire hepatic parenchyma (Fig. 4E). To

ALAH .« .
mice is tumor cell

determine whether or not this decrease of tumor metastasis in Ikkp
30  type-specific, the present inventors used the melanoma cell line B16F10.  After injection of
B16F10, tumor metastasis was inhibited in Ikkp**™ mice (Fig. 4F). This suggests that liver NP,

rather than liver cells, is the cell type essential for liver metastasis.

[Exampte 3] IkkB*“* mice express a relatively low level of IL-6, and I1.-6 deletion decreases
35 metastatic tumor
Next, the present inventors investigated gene expression regulated by NF-«xB in the
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0.6 LLC-injected liver and sham-operated liver using a real-time PCR array. The present inventors

discovered that the mRNA expression of several genes was up-regulated by LLC injection into
WT mice (Tables  and 2). The present inventors compared the expression levels of IL-1B,
IL-6, and TNFo. which were up-regulated in the array analysis of IkkB™F, Tkkp“5P, and Tkkp "
5 mice. [t was found that when tumors were injected into the spleen, the mRNA expression of

IL-1P and IL-6 was induced in IkkP™ and IkkP*™® mice, but their expression was relatively low
in IkkB*“** mice (Fig. 5A and data not shown). No difference was observed in the expression
of TNFo. mRNA in the liver before and after L1L.C injection in all of the strains (Fig. SA and data
not shown). Furthermore, the present inventors analyzed the mRNA expression of COX-2 and

10 MMP-9 which are regulated by NF-xB and associated with metastasis, and discovered that the
expression of these genes is also relatively low in Ikkp*"“* mice (Fig. 5A). IL-1p and IL-6 are
major factors for inflammatory respoi:se, and are considered to function as tumor promoting
factors (Vidal-Vanaclocha, F., ef al., J. Natl. Cancer Inst. 88, 198-205 (1996); and Aggarwal,
B.B,, et al., Biochem. Pharmacol. 72, 1605-1621 (2006)). To determine whether or not IL-15

15  or IL-6 is related to tumor metastasis, the present inventors used I1.-1 receptor knockout (IL-1
RKO) mice or IL-6 knockout (IL-6 KO) mice. = The number of metastatic tumors was slightly
decreased in I1.-1 RKO mice compared to the WT control, but the difference was not significant.
On the other hand, IL-6 KO mice showed a significant decrease in the tumor number (Fig. 5B).
T1.-6 was expressed 12 hours after LLC injection, and seemed to be localized mainly in

20  anti-F4/80-positive Kupffer cells (Fig. 5C). 1L-6 induces STAT3 phosphorylation, and
regulates the expression of STAT-dependent genes (Zhong, Z., ef al., Science 264, 95-98 (1994)).
In this Example, LLC injection caused STAT3 phosphorylation in the liver 8 to 12 hours after
injection, and thereafter, the phosphorylation was decreased 24 hours after injection (Fig. 5D).
STAT3 phosphorylation was markedly decreased in IL-6 KO mice as expected (Fig. 5D).

25
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[Table 1]
Genes up-regulated by LL.C injection
Gene symbol Gene name Ratio (LLC/sham)

Nhpl2 NLR family, pyrin domain containing 12 18.2
Egrl Early growth response 1 13.2
TG Interleukin 6 7.5
Tnf Tumor necrosis factor 6.5
Ccl2 Chemokine (C-C motif) ligand 2 6.3
Tnfsf14 Tumor nccrosis factor (ligand) superfamily, member 14 6.1
Cst2 Colony stimulating factor 2 (granulocyte-macrophage) 35
1Ih Interieukin 1 beta 3.1
Tnflaip3 Tumor necrosis Tactor, alpha-induced profcin 3 (A20) 28

Hng Interferon gamma 26
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[Table 2]

Gene symbol Ratig (LLCsham) R Hhile
Akl 08 Thymame vind poto-onvogene 1
Alfl 16 Aclivatng Ieasscriplion factor 1
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[Example 4] IL-6 enhances tumor angiogenesis by VEGF expression
The present inventors predicted that IL-6 production occurs after LLC injection in
Kupffer cells which are indigenous hepatic macrophages. To prove the involvement of Kupffer
cells, GACL; was injected into WT mice to deplete Kupffer cells as described in the literature
5 (MaedaS., et al. Cell 2005;121:977-990).  After 48 hours, LLC cells were injected into the
spleen, and 11 days later, the mice were tested for tumor load. GdCls-injected mice produced
liver metastasis with significantly smaller metastatic foci (25.1 4.8 versus 11.8 £ 2.5, P <0.05)
compared to solvent-treated mice. These results suggest that Kupffer cells are critically
important for tumor metastasis.

10 Next, the present inventors used primary cultured macrophages derived from Ikkp™F
and Tkkp*"* mice to analyze the direct action of LLC cells. When determined by IxBo
degradation, an LLC culture supernatant induced NF-xB activation in Tkkp™* macrophages.
However, NF-kB activation was not observed in IkkPA“* macrophages (Fig. 6A). Both LLC
culture supernatant and LPS treatments induced IKKB-dependent IL-6 production in primary

15  culture macrophages (Fig. 6B). These results suggest that LLC cells secrete a factor that
activates IKK/NF-xB and induces IL-6 production.

After appearance of metastatic tumors on day 11, the serum. IL-6 concentration was
increased (Fig. 6C). TL-6 has been reported to be involved in cell growth and anti-apoptosis
signal transduction in tumorigenesis (Wehbe, I1., ef al., Cancer Res. 66, 10517-10524 (2006)).

20  To test this possibility, LLC cells were stimulated with IL-6 and subjected to cell cycle analysis.
It was found that the rate of transition from the G2 to M phase was increased from 23.4 + 2.5%
t0 29.4 £ 2.3% (p < 0.05), and the percentage of the sub-G1 population (i.e., apoptotic cells) was
decreased from 9.9+ 1.5% to 1.7 1.2% (p < 0.05). To evaluate the effect of IL-6 on cell
growth, the present inventors determined the cell count at several time points, and showed that

25  LLC cell growth was significantly increased by IL-6 treatment (Fig. 6D). These results suggest
that TL-6 promotes the establishment of metastatic tumors by promoting cell growth and

- inhibiting apoptosis.
The present inventors analyzed tumor cell growth by PCNA staining of metastatic
tumors, and discovered that Ikkp*~ and IL-6 KO mice show fewer PCNA-positive cells

30  compared to the control (Figs. 6E and 6F). '

Furthermore, the present inventors analyzed the effect of IL-6 in B16F10 cells.
Injection of B16F10 cells induced IL-6 production (as well as IL-1p production) in WT mice; on
the other hand, the induction was less stimulated in IkkB““* mice in a manner similar to the
action of LLC cells (Fig. 7A). In addition, injection of B16F10 cells activated STAT3 in the

35  liver of WT mice (Fig. 7B). STAT3 was activated by IL-6 treatment in vitro, and cell growth
was significantly increased (Figs. 7C and 7D).
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[Example 5] IL-6 promotes tumor vasculogenesis by VEGF expression

The use of angiogenesis inhibitors for treatment of metastasis is clearly very effective

for particular cancers. Metastatic tumors derived from injected LLC also depend on
5  neovascularization (Lee HJ, ef al., Carcinogenesis 2006;27:2455-2463), and IL-6 is involved in

neovascularization through VEGF expression (Locffler S, ef al., Int J Cancer 2005;115:202-213).
In this Example, immunostaining for the von Willebrand factor (vWF) which is a blood
glycoprotein showed that tumor angiogenesis was increased in metastatic liver tumors (Fig. 8A).
Compared to the control, angiogenesis was decreased in metastatic tumors of kkB*H and IL-6

10 KO mice (Fig. 8B).

-To determine whether or not [1.-6 induces VEGF production, liver NP and mouse

embryonic fibroblasts (MEF) were treated with IL-6 in the presence or absence of a soluble IL-6
receptor (IL-6sR). ELISA test results showed that II.-6, when used in combination with IL-6sR,
induced VEGF production in NP and MEF (Fig. 8C). After appearance of metastatic tumors on

15  day 11, the serum VEGF concentration was increased in WT mice, whereas VEGF was not
sufficiently expressed in IL-6KO mice (Fig. 8D). The present inventors determined the IL-6sR
concentration in the sera of LL.C-injected and non-LLC-injected mice, and discovered that IL-6R
was abundantly expressed in all animals regardless of the LLC injection (Fig. 8E).

To investigate whether or not this finding is clinically applicable, the present inventors

20  treated LLC cells with IL-6 in the presence or absence of a neutralizing anti-IL-6 receptor
antibody (Hsu LC, ef al., Nature 2004;428:341-345).  Simultaneous treatment with IL-6 and the
antibody inhibited STAT3 phosphorylation in LLC cells (Fig. 8G). Next, the present inventors
inoculated wild-type mice with LLC cells, and anti-IL-6 was administered on days 0, 3, 6, and 9
after LLC injection. On day 11 post-LLC injection, the number of metastatic tumors was

25  decrease by 50% at maximum in mice treated with anti-JL-6 (Fig. 8F).

Furthermore, the present inventors performed a supplementary experiment by
administering IL-6 (1 mg/mouse) and IL6R (1 mg/mouse) to Ikkp*** The tumor number was
increased slightly [Ikkp““'™: 4.1+ 1.1 (n = 9), Tkkp*"™ + IL-6/IL-6R: 8.4+ 1.9 (n=5) (P=
0.045)]. These results suggest that IL-6 is important for development of liver metastasis, but

30  other factors such as TNFa, IL-1, and MMP may induce metastasis in cooperation with IL-6.
In other words, the presence of [L-6 alone is not a sufficient condition, but is a necessary

condition for cancer metastasis.

[Example 6] The NEMO-binding domain peptide inhibits tumor metastasis
35 The present inventors investigated whether the NBD peptide, which inhibits NF-xB
activity by blocking association between NEMO and IKKB (May, M.J., et al. Science 289,
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The present inventors’ resulfs suggest that metastasis induced by NF-xB activation is
related to IL-6-mediated angiogenesis and cell proliferation. Factors other than IL-6 are also
thought to be related to NF-xB-activated tumor metastasis. For example, inhibition of NF-xB

30 activation reduces MMP9 expression which is strongly related to tumor metastasis (Coussens,
LM. & Werb, Z. Nature 420, 860-867 (2002)). The present inventors discovered that MMP9 is
activated in an IKK[-dependent manner in the liver of LLC-injected mice (Fig. 10).
Furthermore, COX-2 expression is also IKKP-dependent, and this is consistent with a previous
report (Chen, C.C., et al. Mol. Pharmacol. 59, 493-500 (2001)). COX-2-related angiogenesis

35  and cell proliferation are thought to be involved in metastasis.

In contrast, the induction of many genes which are up-regulated by tumor cell injection
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ar._to TNFa i s _nhot gd(Klm S., et at Nature in

ina
press. ?&n"letﬁ’g%l?&%@ﬂn%ﬁta auf?emrﬁﬁ for lung metastasis and IL-6 is
i mportant fOHobueVﬁrNﬁaﬂimhﬂ:ﬁﬂosshssrelpmﬂlaasméﬁmﬁ:ahpmahiaxrumdmaa‘slde glfetuci ng an
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and it is also essential for the devel opnment of |iver




= 20 cancer (Naugler, WE., et at Science 317, 121-124 (2007); and Cressman,

D.E., et al. Science 274, 1379-1383 (1996)). In contrast, the invol venent
of TNFa in liver regeneration has beerggopen to di spute (Hayashi, H., et

“al. Liver Int 25, 162-170 (2005); and Yamada, Y., et at Proc Nail Acad Sci

US A 94, 1441-1446 (1997)), and TNFcc is not essential for the onset of
cancer (Naugler, WE., et at Science 317, 121-124 (2007)). Since LLC

adm nistration did not cause 25 differences in the liver TNFa expression
bet wee@00HYicf Th¢ Bsan i -aBdnhibgorimayihayi e@artichlarlyhéshemk fonpatientrsyiienieg not

anal yzg., fnhﬁuﬁtﬂ%ﬂle%&%ﬁet & tﬁé\lgﬁleﬁ?r%lrdeﬁ,s b Whibition is thoudMe tPbESFdmidiAy ent or s’

resul ts sugge astasl s | nduced NF- KB activation is refated to

| L- 6- nentireacdfonangicanpsndstapyando date} Llpp ethlbltémahq’t&ﬁ?en paed Sindcally faseydialn | L- 6
are al ﬁﬂlalfctr?]l%llrﬂ td1§egse@$ndit§dz%ﬁ@uﬂ&td\lf 2R R I \ Bk SGn i BikcRB L SBbAN. Sum FiOr

exanpl e, Ion o activation reduces M MP9 expre55|on whi ch

is Btr Hﬁ@lFbySYSél Bhegs. 4% 16 Uird# 1 §:€2088)) asPased cpiamgwious ragpargh 1ggilis ang theNat ure
420, 86Q:8H InveARPL kdsultd heis @t&@ﬁﬂﬂm lﬂ')l@ﬁ{l:‘ilftﬁoﬁba"h%%hﬁﬂll{ Q%ﬁhc%l'e?e@

activated in an | KKfi-dependent manner in_the |iver of ecteg m ce
(Fi g. msastaﬁ@ﬁmwﬁslremw&@ B HyPRergncql %reatﬁls@nﬁdé@ &nd
this igug@ensistent with a previous report (Chen et at Nbl

Phar macol . 59, 493-500 -(2001)). COX-2- d n |o eneS|s 3gﬁ (g A
prol i ferat i offl AFENATRGPCSTH HETIRY, &F 5 PnoT et Bt he

lnﬂPCtb@ﬁﬁE&nﬂﬁﬂMtQ@ﬂﬁﬁewﬂﬂﬁﬂmabﬁmﬂpmﬁﬁgﬁhﬁﬁ?dﬁ&ﬁmﬁﬂﬁﬂ%qﬁﬁﬁgthﬁﬁ@%ﬂ@mt 35
mce was .rel ativel | ow s not

in the control

conpl oPEIPETITA] Biet G0 phEUSH Qe nIh BERRE TEEe ol BRg et

NF-i c B]KKIBEI\IFJQBI sipial traddhdicnRtlivaa11s a4 bidattreahrggpfor eégudeatliopmentradr  ex arrpl e,

11-6 eégres on is regulated by not only NF-KB but also AP-1 and C EBP

(Pritt @Brmelasiatg agoils- 3 gyr g 2002: 183: 372-83). It is predicted that these

narkers may 5 becone ot her therapeutlc targets for tunor netastasis.
ﬁ% i sLi eb ﬁ over whether inflammtion pronotes or inhibits

_ revious studi es on tunor-associ ated nmacrophages

(TAM5) and i fiké pzmmt invanthssdahatseetes that canogrenesitasintodbt Bvdrican be Yuppressedat

‘IJ?-e Sfjl g‘%y i Irfﬁt%% gg%ﬁ%‘gf%d'%c g)%?%g bo ndTLt(%\!:\f[‘o?e I]glégmhl itbRl drdeyredaancer

tha Tla onot és the onset
of canmemMuihaepmﬁ@ﬁmummhMEmwénEﬂﬁwdcnmuwpred|ct t hat the onset of
netastatic liver tunor depends on inflanmtion. However, the present
inventors' results indicate that 11CK13 which is a najor active substance
for inflammatory response plays an inportant role in netastasis. On the

ot her hand, anti-carcinogenic effects were obtained only when | KK13 was
elimnated fromKupffer cells, other types of bone marrow cells, and liver
cells. These results 15 indicate that Kupffer cells are essential for

m t ogen production. In the nodels described herein, accunul ation of

macr ophages was observed around and inside netastatic tunors. Since

del etion of MCP decreased nmacrophage accunul ation, the results by the
present inventors suggest that tunor netastasis is associated with

i nflammatory response. In | kkl3AL+11 mice, | MO has been renoved from not
only liver cells and Kupffer cells 20 but also other cells such as
endothelial cells (Lee PY., et aL Arthritis Rheum 2007; 56:3759-69). In
fact, NE-KB activation and |IL-6 expression were mai nly observed in Kupffer
cells, and the present inventors found that relatively low |liver

met astasi s was shown in mce depleted of Kupffer cells by injection of
GdC13. This suggests that Kupffer cells are essential for the onset of

net astasis. 25The present inventors showed that in their nodel the NF-KB
activity in LLC cells does not contribute to netastasis. Since the test
used the expression of licBaSR which inhibits the function of |KBa, the
present inventors could not exclude the possibility that NF-icB activation
in cancer cells mght be related to netastasis. Cell proliferation
decreases or increases depending on NF-KB (Chen, E, et at J. Biol. Chem
281, 37142-37149 (2006)). This suggests that the 30 role of NF- KB
activation in cell growh is cell type-specific. Furthernore, constitutive
activation of NF-KB is sonetines observed in cancer cells, and such

NF- KB- activated cells show strong netastatic activity (Fujioka, S., et aL
Oncogene 22, 1365-1370 (2003); and Nakshatri, H, et at Mol. Cell. Biol.
17, 3629-3639 (1997)). Thus, inhibition of the NF-icB pathway nmay be
effective for delaying netastasis in specific cell types. 35However, NF-KB
inhibitors have problens in clinical practice such as side effects caused
by nodul ati on of the i mune system (Karin, M, et. aL, Nat Rev Drug Di scov



36 (2004)). The use of NF-KB inhibitors may have a particularly high risk
for patients suffering frominmunodeficiency. On the other hand, IL-6
_inhibition is thought to be a prom sintf approach for anticancer therapy.
To date, IL-6 inhibition has been used clinically for several inflanmtory
di seases including rheumatoid arthritis and Castl eman's di sease (Sebba, A
Am J. 5 Health Syst. Pharm 65, 1413-1418 (2008)). Based on the previous
research results and the present inventors' results, it is thought that
IL-6 inhibition can be clinically aﬁﬁ#ﬂ@ﬁ%le to met astasi s-associ at ed
cancers such as liver cancer, colorectal cancer, and breast cancer in the
future, In summary, the present inyventors' resul indi.cate that. |liver
tunor et gsr@agqrgned%s&éﬁdgﬁ%owmwswme&ﬁ?ba%ﬁﬁéﬁ e SHPHEHEr

anti-i pide@fi@mt ory intervention targeting Kupffer cells in the chem cal
prevention of netastatic tunors. The present inventors' results prove that
t he’ | KKI 3/ NF- KB si gnal transduction pathway is an attractive target for

t he degel PheeRtastkisaiibitdrolf akimtl o/hixhesnppresstd badesietiasthsifppahe tadii [ ity

The present invention denonstrates that cancer netastasis to the |iver can
be suppressed by adm nistration of an anti-IL-6 receptor antibody.

Ther ef 8r eTh¢ neGisiapiRiidhibicorof ofairh Heor[, edertin tha e+t inhibiter i at Slefoutcepsor
inhibi%@&g of nmetastatic cancer. 37 CLAIMS 1. A cancer netastasis

i nhi bi 8nprising an interleukin-6 (IL-6) inhibitor as an active
ingredient 2. The netastasis inhibitor of claim1l, which suppresses

Tor 2t iy bRk ok Kln copberinhe S LR R Ror TN BRI 8, ST

met ast esepgtor mithior.or of claim 3, wherein the IL-6 receptor inhibitor is.a
human |1 L-6 receptor inhibitor. 5. The nmetastasis inhibitor of claim3

or 4, wherein the IL-6 receptor inhibitor is an anti-IL-6 15receptor
ant i bo8ly. TheémeRis@siwenhabitasit slaim 3 dyi4 shersin Gk L1 Seepirenkibitortipan ami-IL0L - 6

recept j is a chimeric, humani zed, or human anti body. 20 7. The
neﬁgstggﬁ@ﬂ%%ﬁ?%¥¥or of any one of clains 1 to 6, which suppresses

netastasis of lung cancer -to the liver. 8. A nethod for suppressing

cancer cITeyRshRnbisis by CRRRIh SORHERS, Bt aRiof AMNIShERR0s tnlhak,

inhibitor to a subject. 9. The net claim'8, suppr esses

cancer hymeriged of Bugn egfbofy.ver .  10.. The nethod of claim 8 or 9, wherein
the IL-6 inhibitor is an IL-6 receptor inhibitor. 3011. The net hod of

claim 10, wherein the |IL-6 receptor .inhibitor is a human IL-6 feg pt or
i bi {or The metasiagls phipigy odane pag of daymsy! tpp, Whirdsuppresssemeiasissis @ gﬁsor
i nhi bi t0cet & tAO1AE 1 -1 L-6 receptor antibody. 35 , :

8. A method for suppressing cancer metastasis, which comprises the step of administering an
TL-6 inhibitor to a subject.
25

9. The method of claim 8, which suppresses cancer metastasis to the liver.
10. The method of claim 8 or 9, wherein the IL.-6 inhibitor is an [L.-6 receptor inhibitor.

30 11. The method of claim 10, wherein the IL-6 receptor inhibitor is a human IL-6 receptor
inhibitor. ;
12.  The method of claim 10 or 11, wherein the IL-6 receptor inhibitor is an anti-IL-6 receptor
antibody.

35
13. The method of claim 12, wherein the anti-I1.-6 receptor antibody is a chimeric, humanized,



= 38 or human anti body. 14. The nethod of any one of clainms 8 to 13, which

suppresses netastasis of lung cancer to the liver. 5 15. Use of an IL-6

i nhibitor for production of a cancer m8tastasis inhibitor. 16. The use of
" claim 15, which suppresses cancer netastasis to the liver. 1017. The use
of claim15 or 16, wherein the IL-6 inhibitor is an IL-6 receptor

i nhi bitor. 18. The use of claim 17, wherein the IL-6 receptor
inhibitor is a human EL-6 receptor inhi bi t or . 19. The use of claim 17
or 18, oninenal atibpdy.| L-6 receptor inhibitor is an anti-1L-6 receptor

15anti body. 20. The use of claim 19, wherein the anti-I1L-6 receptor

ant i bOgX is a chinmeric, hunmanized, or human anti body. 20 Zf][ The use of
any onttof Thamethad anItYoO@CPf%Wéﬁt%b%)ﬁ?@%%@%l’%@?%é?%@“o‘? FREAGESHT e t o
the liN@4k 22. An EL-6 inhibitor for use in a nmethod for suppressing
cancer nmetastasis. 25 23. The IL-6 inhibitor of claim22, which suppresses
canter nmetastasis to the |iver. 24. The IL-6 inhibitor of claim?21l or

22, whigh U @minlit-GinhREepFRpréduldiibh 04 cancer metdSasisin@ibitor.6 i nhi bi tor of
cIa|m24 wherein the IL-6 receptor inhibitor is a human IL-6 receptor

30i nhibitor. 26. The IL-6 inhibitor of claim24 or 25, wherein the IL-6
recept og. i THY Wklo@Elairs 18 whikh isuppresSed @aeqatmetaanid toakkylivedd 27. The I1L-6

i nhibitor of claim?26, wherein the anti-IL-6 receptor antibody is a
chimeric, humani zed, or human anti body. 39 28. The IL-6 inhibitor of any
ong) of IT:I di'eus? 2f taiR 15 o6 chhseipphicel seé snhibitads asils6 edceptoniphdatocer to t he
| ver.

18. The use of claim 17, wherein the IL-6 receptor inhibitor is a human IL-6 receptor inhibitor.

19. The use of claim 17 or 18, wherein the IL-6 receptor inhibitor is an anti-IL-6 receptor
15  antibody.

20. The use of claim 19, wherein the anti-IL-6 receptor antibody is a chimeric, humanized, or

human antibody.

20  21. The use of any one of claims 15 to 20, which suppresses metastasis of lung cancer to the

liver.
22.  An IL-6 inhibitor for use in a method for suppressing cancer metastasis.

25  23. TheIL-6 inhibitor of claim 22, which suppresses cancer metastasis to the liver.
24. The IL-6 inhibitor of claim 21 or 22, which is an IL-6 receptor inhibitor.

25. ‘The IL-6 inhibitor of claim 24, wherein the IL-6 receptor inhibitor is a human IL-6 receptor
30  inhibitor. .

26. The IL-6 inhibitor of claim 24 or 25, wherein the IL-6 receptor inhibitor is an anti-IL-6
receptor antibody.

35 27. TheIL-6 inhibitor of claim 26, wherein the anti-11.-6 receptor antibody is a chimeric,

humanized, or human antibody.



39

28. The IL-6 inhibitor of any one of claims 22 to 27, which suppresses metastasis of lung

cancer to the liver.



