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DESCRIPTION NEUROINVASION INHIBITOR 5Technical Field The
present invention relates to neural invasion-suppressing agents.
Specifically, the present invention relates to neural invasion-suppressing
agents that comprise an interleukin 6 (IL-6) inhibitor as an active
ingredient. 10 Background An IL-6 is a cytokine also called B-cell
stimulating factor 2 (BSF2) or interferon [32. IL-6 was discovered as a
differentiation factor involved in Jé? ?%qigiﬁ f B-cell lymphocytes
(Non-Patent Document 1), and § &éﬁled to be a multifunctional
cytokine that influences the function of various cells (Non-Patent

Document 2). It has beegrepgsiegdiodnonagihpgiagation of T

lymphocyte cells (Non-Patent Document 3). IL-6 transmits its
biological activity via two kinds of proteins on the cell. The first is the IL-6
Techmigebpield which is a ligand-binding protein to which IL-6 binds, with a

molgeEwaighafiBROMLRA PR (NP RRISALEAGRERS 4,40d %elehﬁcally, the

IL-6 receptor is present in a membrane-bound form that penetrates
ProsCREAPHTBHIBY S Ch 1 RPRE S BR THERETF NG ARSRLN 12 amATiig guiptierieukin 6
(IL-6snibibigolt 26 2 eefpternguidiemainly consists of the extracellular region of

the membrane-bound form. The other kind of protein is the membrane

protein gp130, which has a molecular weight of about 130 kDa and is
—%We@wac n non-ligand binding signal transduction. The biological activity

of li-& s wapskitiea sotoathel Teldhraimghl fongaitas Of @S HOGA iceepidi2. 11.-6
was d %%??N ﬂﬁé@eﬁﬂgﬂ%}l ﬁa&%cf‘?lg;:gif ?P{Vt%g Qé‘n g{%ﬁ'%f% tp%ﬁr?'mé%%lgwes

130 (Non-Patent Document 6 Even toda m%?g/
mon’g%%%%%?éh%&h‘é@ééﬁﬁfﬂ% indesicmaltifunstepthBleokizgéhat influences
the mﬁmmmmlmaﬁa&th&tmmnmde}goM@&eehqepmahdsxﬁ&e

maturgﬁbﬁ‘g’f"lf rﬁ?gfh w%qﬂgﬁﬁhﬁg“%@%&%g cancer often recurs early

ter surg emotherapy Is indicated for unresectable

caé&sﬁmwsg@éﬁlﬁé}wﬁﬁ@ﬁhé%ﬁ&fﬁéf@@)%ﬁa%afmr@ﬁ@aﬁ% Hetiepll.  The first is

the Imea@arawmgb ghigmdtbaraipy isewirentyacaiandabthiRewddya iolecular weight
of abdh e§ E;J:lés f'fICI%n{. or mp}ﬁbe]!e@r\évcréen eSmC|tab ne
e re ar d as 15 irs ‘of choice 1s us hep eef’?lcacy rate

mem*@mh@m;bfeﬁeék@ﬁ@g%awtﬁe ﬁﬁ?élcﬁaw&wmal HrifespmesseA et aglfjmembrane,

and alf¥E0a&YeHE JULE Yaddiate s ARYotareionphase Hielinicat tial3%daie - dhthe
Japan, 20 eople are diagnosed as having pancreatic cancer each
membmge Bb dzcg‘ﬁé)o people died of this disease in 2004 (statistics reported

by "ﬂb@ mqrggyd)@mgtmn Isibeumeinbrane protein gpl30, which has a molecular weight
of about 130 kDa and is involved in non-ligand binding signal transduction. The biological

activity of IL-6 is transmitted into the cell through formation of an 11.-6/1L-6 receptor complex
by IL-6 and [1-6 receptor followed by binding of the complex with gp130 (Non-Patent Document
6).

Even today, many pancreatic cancer cases are diagnosed at the advanced and
unresectable stage. Furthermore, even in cases that have undergone resection, which is the only
way a cure can be expected, pancreatic cancer often recurs early after surgery. Meanwhile,
chemotherapy is indicated for unresectable cases with good performance status (PS) and major
organ function. However, although chemotherapy is currently a standard therapy, its
therapeutic effect is insufficient. For example, even when gemcitabine hydrochloride regarded
as the first drug of choice is used, the efficacy rate of palliative effects is 23.8%, the median
survival time is 5.7 months, and the one-year survival rate is 18% (foreign phase IH clinical trial
data). In Japan, 20,000 people are diagnosed as having pancreatic cancer each year, and 22,260
people died of this disease in 2004 (statistics reported by the Ministry of Health, Labour and
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2 Welfare), and pancreatic cancer is the fifth cause of cancer death.

Neural invasion is one of the modes of invasion characteristic of

pancreatic cancer. The present inventars have revealed that: neural

invasion is found in almost 100% of pancreatic cancer cases; it is an

important prognostic factor; and it causes functional abnoimalities of

5hepatocy-tes, and thus is correlated with cachectic symptoms such as

anemia, impaired perfoixuance status (P %Jgnd ndemutrition.
We}faﬁ%rtﬁ%arﬂ%l}%cﬁgﬁ%flﬁ%%%ﬁ %ﬁﬁ%‘&qt Cﬁ{eé[l se of cancer pain

anéNﬁheallkaymm@eemﬁb@med@mfdsvamtﬂim@d‘r@aisﬁymbpamamémancer.
The prEUEUEHVERRATR: X IROLRYI MRl i PrRARMINANL S8 SPLRRKIAlIIYASIMncreatic

or by excising.the nerve upstream of the sites. However, the mechanisms
cancep£aRtsral MRLIBROHAR SRRBIBFE GBI I catssFRFHierALe fomsRities of
hepatorptpmary tndesstood amddvitu sattersissgorpently dittle aiusfm‘am’ﬁp:nr@aired
perfogRANER! @106 vsal iInasinA-ARA RYTAPIOMSRAHEHE U DSHR RAS gaﬁuﬁgg to be the

Neural invasionis commonly found regardless of cancer types, an
causeipl SR GRELFAS %}%ﬁn&%@ﬁaﬁﬁw%&%ﬁwﬁe@@g&%&x@amﬁ,were
relievach¢tbhseatt anttmdokinadeeing predomitrenpyitas atft rdoeslientdae|atdd, textheng the

nervel ﬁ%?%'ammg Qp.are %%o&%&éu%ﬁ’m%&%mﬁ%m g dr

Nature (1986) 324, 73-76 Non-Patent Document 2: A , S.etal,
SYmpIRERS SAURFHRINABEY i1gemrue popsiBiHpstepd-5BE dhve those inexrvnist little
inforradtich Expoivied of1288) 1bubsizbdrd 268 NansRatsed Ppasimaritbdasiaga, Neural

. . i , - - ment 3; .

s SRR SN AR ORI s rogos

factor b pipHigHE 6aTesgstamatiurancen prddyrdand nackgamprsclosure of the
InvEIdipriofRIroblemadabebrlves thy thesdnvanianbi hussiamabjeriive of

emsdaon ety i R aussiRmvabiensi
o L kool agonts for

Non-Regsatddppuamers 6 d kinctr ¢{ Meahdvidr Sermpleey RISBRME] 1-78
Non-Patent Document 3: Lotz, M. et al., J. Exp. Med. (1988) 167, 1253-1258

Non-Patent Document 4: Taga, T. et al., J. Exp. Med. (1987) 166, 967-981
Non-Patent Document 5: Yamasaki, K. ef al., Science (1988) 241, 825-828
Non-Patent Document 6: Taga, T. ef al., Cell (1989) 58, 573-581

Disclosure of the Invention

[Problems to be Solved by the Invention]
Thus, an objective of the present invention is to provide novel neural
invasion-suppressing agents. Furthermore, the present invention provides novel agents for

treating pancreatic cancer.

[Means for Solving the Problems]

The present inventors conducted dedicated studies to achieve the above objectives, and
discovered that neural invasion is suppressed by inhibiting IL-6 in a model for neural invasion of
pancreatic cancer. Thus, the present invention was completed. The present inventors also
demonstrated that an IL-6 receptor is expressed in human pancreatic cancer cell lines, and that
1L-6 enhances the chemotactic and migratory activities and intracellular signaling of pancreatic
cancer cells, and thus pancreatic cancer can be treated by inhibiting IL-6.

Furthermore, from results of administering IL-6 inhibitors to neural invasion model

mice, the present inventors showed that neural invasion of human pancreatic cancer can be
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The present inventors conducted dedicated studies to achieve the above
objectives, and 30discovered that neural invasion is suppressed by
inhibiting IL-6 in a model for neural invasion of pancreatic cancer. Thus,
the present invention was completed. The present inventors also
demonstrated that an IL-6 receptor is expressed in human pancreatic
cancer cell lines, and that IL-6 enhances the chemotactic and migratory
activities and intracellular signaling of pancreatic cancer cells, and thus
suppissssdreatic cancer can be treated by inhibiting IL-6. 35Furthermore, from

resm@ﬁmﬂﬁimsgeﬂmpues@nnmw@uisﬁ@mwaé Mmyasizeerstmice, the
(1] AR% r%% Q%@Yle ali on§ ga,n% %g nilrjé S;g‘é%%%?xgg haynr?n QrPa%reéa ﬁfLo -0) inhibitor as

cer can uppresse e prese inve
an a%?é\mﬁﬁqlff’fo [32] below. [1] An agent for treating pancreatic cancer,

[2] Awhiehtdomprises angntergukivn o) edibites ascamasivenaresiantvitor as an
active 1{11% eg r% ent for suppressing neural invasion of a cell, which comprises
(%6 hibitor as an active ingredient.  [3] The agent of [2], which

[31 The pesrelselel hedrishinvapieisesins eah devasisth (Mflaascgyesil.of [3], which
[4] TIRUBRIRSSES DU @Mgﬁ%é&f@mm{eﬁmgmwm Bahifieagent of

any one to [4 esses neural invasion in the c ntra
151 Thg %%e[ ?f%fJG?nlehG]ggﬁj] ':E‘ﬁ *any one o RNARS) ?ﬁﬂﬁjﬁg}@ﬁﬁoﬁgﬂ Bl girection.
(6] The agspbefansetatiiide 6lanhereingbe tob. ifitibhiee iagenbstagk thhtbeids to an
IL-6 #@pkbr6 inhibitor is an anti-IL-6 receptor antibody. [8] The agent of [7],

wherein IL-6 1 ] ach eric, humanlzed or
7 T ol o T A ot TP Bt W e P L R
[8] Theorapriseld evdiersiofthel anitiibtef mgcapmta@mrbh:b{tmret@famabpemmmd, or human
antibd@gthod for suppressing neural invasion of a cell, which comprises the

ste dministering an IL-6 inhibitoy tg a subject.
[9] A me oc[ ? treat?ng pa creatli'c cancer, w 1(31 compr?ses the step of administering an IL-6

inhibitor to a subject.

[10] A method for suppressing neural invasion of a cell, which comprises the step of
administering an IL-6 inhibitor to a subject.

[11]. The method of {10], which suppresses neural invasion of a cancer cell.

[12] The method of [11], which suppresses neural invasion of a pancreatic cancer cell.

[13] The method of any one of [10] to {12], which suppresses neural invasion in the central
direction.

[14]. The method of any one of [9] to [13], wherein the IL-6 inhibitor is a substance that binds to
an IL-6 receptor.

[15] The method of [14], wherein the IL-6 inhibitor is an anti-IL-6 receptor antibody.

[16] The method of [15], wherein the anti-IL-6 receptor antibody is a chimeric, humanized, or
human antibody.

[17] Use of an IL-6 inhibitor in the production of an agent for treating pancreatic cancer.

[18] Use of an IL-6 inhibitor in the production of an agent for suppressing neural invasion of a
cell.

[19] The use of [18], wherein neural invasion of a cancer cell is suppressed.

[20] The use of [19}, wherein neural invasion of a pancreatic cancer cell is suppressed.

[21] The use of any one of [18] to [20], wherein neural invasion in the central direction is
suppressed.

122] The use of [17] to [21], wherein the IL.-6 inhibitor is a substance that binds to an IL-6

receptor.
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[11]. The method of [10], which suppresses neural invasion of a cancer
cell. 20[12] The method of [11], which suppresses neural invasion of a
pancreatic cancer cell. [13] The methocl of any one of [10] to [12], which
suppresses neural invasion in the central direction. [14]. The method of
any one of [9] to [13], wherein the IL-6 inhibitor is a substance that binds
to an IL-6 receptor. 25[15] The method of [14], wherein the IL-6 inhibitor is
an anti-1L-6 receptor antibody._lg".iﬁl The method of [15], wherein the

[23] Bhginse o brdptvhanimbaylistdnbierits Humtmeciresepamrniibedibody.

[24] Théludsefghan Wherinhibdaninthe prochistiantoan AgesifaEiteatitnized, or human

antib@@ncreatic cancer. [18] Use of an IL-6 inhibitor in the production of an
agent for suppressing neural invasion of a 30cell. [19] The use of [18],

[25] AnHretritdebitar fovastom efactzrbErr degpiing mepresatisicaizel The use of
[26] AX9). wherahaeuraldo vasinr@ba PARGHpalic sanrargelvassuPRrassed.

1 . of a e of [18] to [20], wherejn neural invasion in the
71 e e BRI R 0 b o tne
[28] ThedinhibliubinodiBélanbecthappisss seurdl isvrstepeda panf28itianse cell.
[29] B 2B16 WS ERiS: Eieatly B:18 1019 18 AR TBERRIQS 20HRAMY ak2H in the central

di The use of [23], wherein the anti-IL-6 receptor antibody is a chimeric,
lreCtﬁﬁnr'nanized, or human antibody. [25] An IL-6 inhibitor for use in a method
[30] For Hedtingipuocedatiy canocéf25]26]2H, IniGininibioilfer indebitoa inetubstance that

bindsf@rﬁygp@%ﬂ&gd}gural invasion of a cell. [27] The IL-6 inhibitor of [26],

hi uppresse ral invasiqn of a cancer cell. [28] The IL-6 inhibitor
31] %ﬁ@]ﬁs’v\ﬁﬁ IS Bl SRR AT Ippisieteatic khesrrisr ntibody.
[

32} The IL-6 inhibitor of [31], wherein the anti-IL-6 receptor antibody is a chimeric, humanized,

or human antibody.

Brief Description of the Drawings

Fig, 1 depicts diagrams showing the expression level of IL-6a receptor (IL6R) mRNA (A), and
the expression level of IL-6p receptor (gp130) mRNA (B) in human pancreatic cancer cell lines.

Fig. 2 depicts diagrams showing determination of the effects of IL-6 on growth activity,
chemotactic activity, and migratory activity of human pancreatic cancer cell lines using human
recombinant IL-6. Figs. 2A and 2B show results of determining cell growth activity by
monitoring the cell count over time. Fig. 2C shows the result of determining chemotactic
activity by chemotaxis assay. Fig. 2D shows the result of determining migratory activity by

wound healing assay.

Fig. 3 shows results of assessing the effects of IL-6 on intracellular signaling in the human
pancreatic cancer Capan-1 cell line by Western blotting using human recombinant IL-6 (thIL6).
Fig. 3A shows the intracellular expression of phosphorylated STAT3 protein.  Fig. 3B shows the
intracellular expression of phosphorylated Erk1/2 proteins. Fig. 3C shows the intracellular

expression of phosphorylated Akt protein.

Fig. 4 depicts a graph and photographs showing a mouse model for neural invasion prepared
using a human pancreatic cancer cell line. Fig. 4A shows a macroscopic image of neural
invasion after four weeks. Fig. 4B is a graph showing the time course of the invasion distance.

Fig. 4C shows a histological image of neural invasion after four weeks.
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[29] The IL-6 inhibitor of any one of [26] to [28], which suppresses neural

invasion in the central direction. 10[30] The IL-6 inhibitor of any one of [25]

to [29], wherein the IL-6 inhibitor is a sgbstance that binds to an IL-6

receptor. [31] The IL-6 inhibitor of [30], wherein the IL-6 inhibitor is an

anti-IL-6 receptor antibody. [32] The IL-6 inhibitor of [31], wherein the

anti-IL-6 receptor antibody is a chimeric, humanized, or human antibody.

15 Brief Description of the Drawings Fig. 1 depicts diagrams showing the

expression level of IL-6a receptor (ILBR) mMRNA (A), and the expression
Fig. Sevplatd H e6d mmhpﬁoto@pﬁlﬁ@hmﬁh@ﬂ@)ﬁnﬁi‘iﬁmﬁan Oﬂmmﬂﬂi{ﬁaﬂq&éssion in the
naurapsilvgasﬁ A0 21dBRIGE HIBgRMS SEAWIRdele g@t@? LWe & ‘ﬁf&ge of the

of IL-6 on growth actméxe/3 chemotactic activity, and migrator actm%

neurafiyasipBapedebcraghad el Melqrits FapresT rEdsHab I mR LSS
invasidA @nde? Brghaieresodid ofodetermifing @e o theactivitybin FdOVRIFILCR (B) and

ﬂuore&%rﬁ?%ﬁﬁﬂﬁts&‘{ﬁ Bgrr@ Fig. 2C shows the result of determining
t

chemotactic activity’ by ‘chemotaxis assay. Fig. 2D shows the result of
determining migratory activity by 25wound healing assay. Fig. 3 shows

Fig. 6rasuiisiph sbsessingdhemtietia of th@giviniraelular signalindrpihereatic cancer

ils 414haae o ﬁ Capan-1 cell line by Western blotting using
oets uman regg]orén nan%i%o (rhIL6). Fig. 3A shows the intracellular

expression of phosphorylated STAT3 protein. Fig. 3B shows the
Fig. 730infrapalihenmiressiaraiiiaosphendriptve dd &reirios dfite3fstance of neural
.shows the intracellular expression of phosphorylated Alt protein. Fig. 4
mvas
8eplcts a graph and photographs showing a mouse model for neural
invasion prepared using a human pancreatic cancer cell line. Fig. 4A
Fig. 83hQWepeRGHASEARICMags of nerIkal-3Rivas N AlieFRHnEeks diendBof neural
IS a graph showing the time course of the invasion distance. Fig. 4C
invasio
Shows a histological image of neural invasion after four weeks. Fig. 5
depicts a graph and photographs showing the distribution of mouse IL-6

Fig. 9@%9{@@%‘%& theweirald @ﬂ%@i@Bﬂﬂ@@%@ﬂ%ﬁr@%w@@lﬁﬁ%ﬁ?m@o or an

e hows an ma e.of the neural inva model. Figs
ot e s RIS LA 1o A e RebHArL R P 9
isa grm@dépmnmmmmﬁwm@reﬁwmwtwﬁm wfdre HekeimhibidrzyG4990.
“DMs*R)Tﬁ@% (ma%ﬂﬁ@r%éggtmq@ummm%@ td 18 & E490058R nistration group.

Fig. 9% 58 &%%ﬂ?@%ﬁ@ts 18?% a ﬁ% s‘l%;[ er a inis rra?}c?x!;no arrzJ %gt(i[?f%creceptor

antibody.  “higG” refers to the control group, while “MRA?” refers to the anti-IL-6 receptor

ré§n the neural

antibody administration group.

Mode for Carrving Out the Invention
Herein, “IL-6 inhibitor” refers to a substance that blocks IL-6 signaling and inhibits the
biological activity of IL-6.  Specifically, the IL-6 inhibitors include, for example, substances

that bind to IL-6, substances that bind to an IL-6 receptor, and substances that bind to gp130.
The IL-6 inhibitors also include substances that inhibit phosphorylation of STAT3 which is
important for the intracellular signaling of 1L-6, such as AG490. The IL-6 inhibitors include,
but are not particularly limited to, anti-IL-6 antibodies, anti-IL-6 receptor antibodies, anti-gp130
antibodies, IL-6 variants, soluble IL-6 receptor variants, partial peptides of IL-6, partial peptides
of an I1L-6 receptor, and low-molecular-weight compounds having an activity equivalent thereto.

In a preferred embodiment, the I1.-6 inhibitors include I1.-6 receptor inhibitors, in
particular, anti-1L-6 receptor antibodies.

The origin of antibodies used in the present invention is not particularly limited;
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10 Fig. 7 is a graph showing the effect of 130 knockdown on suppression

of the distance of neural invasion.  Fig. 8 is a graph showing the effect

of IL-6R knockdown on suppression of6the distance of neural 15invasion.

Fig. 9 depicts graphs showing the effects of administration of the JAK

inhibitor AG490 or an anti-IL-6 receptor antibody on neural invasion in the

mouse model for neural invasion. Fig. 9A is a graph showing the invasion

distance after administration of the JAK inhibitor AG490Q. 20"DMSO" refers
howeyshiac RO ES, REPTEA oA AGE L v (At S0 MR stihly from human.

groAnp. aﬁ’tg}xﬁ@ i thgrapieshawingdhedanvasiospdistencepatierional or monoclonal

antrb(?cﬂnﬁ rﬁﬁ%@ﬂl@&t' ! 655988191@! ﬁ%ﬂggﬁﬁal%%oﬁgﬁ%?%ﬁrom mammals

control while "MRA" réfers to the anti-IL-6 receptor ant ¥
are DSBFTRR PG wBeEB NIEB R CAYgNAg onal i skt ved Tggyaammals
includélsifhsahibitcedeberyiorid substakabdbaphidaksd bythsignating@ncintiditan

¢ i
e A Wb ) iR e SRS A Tvpcalt
these %@%FSMEW%M%%@?&QMEWMQ L ELirfhipteorells by binding to IL-6,
an ILJfﬁcrhdﬂptStJlg@immeﬁ thatiihibit phosphorylatron of STAT3 which is 30

h AQ490. The JL-6
R DR RSB RO, A RS bE eddied e known

technigigs| psrbewptor hsaHiabs lmugefgenaﬁtmrélsoum panaHestisoRible

1mmukhz§t[8§@ﬁﬁﬂfoﬁam&i§%sﬂaiétﬁi@ﬁﬁgdﬁﬁgb‘rﬂ krflIpartiRkbpepliles, ¢habdlobsuch. The
receptar and ow lecul e com havm ctivity

resumn&u‘@ﬁen? t?'l re%nﬁ agpre \#%%q%n dﬂ menfgf% g %%I?oré |r{"131clltfrudg lon method.

Then,|m@lﬁe&@pﬁbrqahﬂsﬁfopmar%aﬂié@r@rseﬁrp&de%em@nmﬁm@lé@wm@g method.

Oflgkﬁb@ﬁ'@atl?()dtﬁﬁ)bl%ﬁel lmhﬁ)@r@smtbe\peaa@&@a@%m@ulaeyérmﬁ@cre, when
EQ I th trbodles are g&ef rabl ed from mammalf d
anti-I recepe%)e A (}ﬁ }l XF d?;’ 101 OF m%lfs%\}é%ﬂxgjﬁeptor for use

more n antl e prese

asa swﬁlzele W@s@é@mw@mmﬁm@tmd@dw&@m@kdbmecepwr genes
and/of%ﬁihﬁﬂﬁm!ik@@\ﬁ@ﬁé@@&ﬁ@ﬁﬁ@&M@@EQ@@@%&@{W{M’E% FoBRAAIS RS EP

32547]%2?[’:?% II’%I#]}B.S |nc Sﬁ% S%%gédpro ce'é OnDCI Qgté)lfﬁ %qgg\é?g

respeqsierliiced by hosts transformed Wrth an expressron vector carrying an
antiiney HeRGISING GeNelic: e%{gﬁe%ﬁeﬂ eégwlgeliue mrs&embrane and

o ot P el e b e e
Blochamtrbtﬁﬁ%i@du@?ﬂgﬁ?ﬁbmd@hmh&ﬁﬁﬂéﬁrmm asiaptiaigwonsists of the
extracellular region of the cell membrane-bound 11.-6 receptor, and differs from the
membrane-bound IL-6 receptor in that it lacks the transmembrane region or both the
transmembrane and intracellular regions. Any IL-6 receptor may be employed as an IL-6
receptor protein, so long as it can be used as a sensitizing antigen for producing an a.rlti-;IL»6
receptor antibody used in the present invention.

After transforming an appropriate host cell with a known expression vector system
inserted with an IL-6 receptor gene sequence, the desired I1.-6 receptor protein is purified from
the inside of the host cell or from the culture supernatant using a known method.  This purified
IL-6 receptor protein may be used as a sensitizing antigen.  Alternatively, a cell expressing the
IL-6 receptor or a fusion protein of the IL-6 receptor protein and another protein may be used as
a sensitizing antigen.

Likewise, when IL-6 is used as a sensitizing antigen for preparation of antibodies,
human IL-6 can be obtained by using the gene and/or amino acid seqeences of IL-6 disclosed in
Eur. J. Biochem (1987) 168, 543-550, J. Immunol. (1988) 140, 1534-1541, or Agr. Biol. Chem.
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10techniques as follows. Specifically, immunization is carried out by a
conventional immunization method using as a sensitizing antigen an IL-6
receptor, IL-6, gp130, or such. The resuilting immune cells are fused with
known parental cells by a conventional cell fusion method. Then,
monoclonal antibody-producing cells are screened using a conventional
screening method. Specifically, monoclonal antibodies can be produced

le, w anti-1l_-6 receptor antibodies are
(199G} éﬁ%\%? 258 agr?{)n%apé’gl’btéfﬁrsﬁ%ﬁ?énﬁ 2B8ER HREPTEPATEHOgOS anti-gp130
antlb@hnslﬁmr@mmgcb‘nrfmmuhtamm@@mﬂJMd iefped Ahdi wivtaddad Byrusiag fagent

Apphuatﬁaﬁepﬁm%tﬂﬁpﬁﬁ andian aing-agid,seauences disclosed in European
M tApﬁlrca ion Publicatjon, No. EP 325474 and Japanese Patent

SRORSIPIBIRARON 12 CFBSRY g 231essAsS DRl ystiaviaR)y limited, but
are pﬁ&?ﬁﬁr&ah@md@mmmgm@npmmmy priteihs paretecgrasse hooelhéusiih.

Genem%mp{@gggsgg%tggﬂgpr g@pﬁggtﬁé}ﬁg&g& g_lpg?:&(ll membrane (soluble IL-6
receptors) (Yasukawa, k et al., J, Biochem. (1990) 108, 673-676). The

solBIEPASETRLBmGH é%%@ﬁ%ﬁ}lé&%r&%ﬁ% assPAREIRIBrRSgIstnds.  For
exampkel,l amembraneanghiod, Hmﬁlwﬁ:eiﬁﬂmﬁmﬁzé&fb;slﬂimpeﬁh’@neal or subcutaneous

e e 2 L S e
suspepdad He2B MBI SR IO TebepERErowdi s Q’s&%aahﬁéoérwuaéﬁahne or

such, mbexdsitizinghaptigenitos praduciofaagreastitihdpteaepier aHbedy tsagitte adjuvant),
emursrﬁgaorasﬁf@rerrr&xﬂﬂﬁ&md 1 USRS UTUNG AN AP RIGRIRNG OSh SR M,

nown expression vector system inser recep OI‘ gene
addltiseoﬁrbﬁaeometaéem ey M&F%m%pmnrwtheﬁrngmm@m@n

of trmmastg:eldoaﬁﬂmrnrﬂ@etmﬂtumﬁue@rwmruﬁl BU &KW RENRkerum is
U recepior protein m be ysed as a sensitizi antlg
confl r%gr#?ardtrrghey ace eegareslglng%%mﬁf% rec%é {orors ggsronﬁpﬁ%@% of tﬁegemd

immupe. @}&%@ﬂm@mlﬁﬁé%&mﬁrﬁm seligsed as a sensitizing
antige iddkamise mﬁmﬂ&:@ns umélgae%@aéngmg gAY to be fused with

reparatron of antib s, 35human IL- 6 talned the
the abB ehe and/or agino ac(#g sequen%%smf(iﬁ %Sa%?sué foset PJ%/JL[& aézgéﬁ‘&%“ 3
(Keaﬂem@fwg{l&hh@swﬂﬁ IchP{dhS R 1 bB8) hﬁiﬂ)lﬁﬁ@@cgﬁlb&. Kger@iolopics in
MicrobibRiBy shd1898h o206 8520881 Alternativelx daled eepsdiingidntigersiar 1.

n es the e and/o ' Cj

B e s B R AL AT s, sP2vo
(Shulmga, @P@ﬁgh@wﬁ(bé’?@éé’ém 269-}MEmhieldetSh&imnSnized #litd. dmmunol.
Metho3BN$BEING RNUYR) Sreanat-pabisuarty Qmﬁ@km&@r@r preferably seteefedko 10
Gaifrco Sé e n&gomiﬁrﬁ%ty \thrgagwe&iren Il used for cell fusion.
( fGeneraﬁy roden g e rats?aht idmsters are used.

Anlfessrecil fnsiined it loeemititingedritigenscantisraidgrtpekmoaeells can be
perforﬁ‘&ihﬂﬁﬁg ﬁﬁfxﬁ%ﬁ{%@d@% Q@éﬁ%ﬁi methet AVMATAE IPMUREREPY. and

PR T e S

anhépm@}pﬂmaékmhm&ﬂmspha@éwf&mmm@éﬁaﬁn physidlogidaht culture
mediuSR8Obresence of a cell fusion enhancing agent. For example, polyethylene glycol
(PEG), Sendai virus (HV]), and such are used as fusion enhancing agents. Further, to enhance
fusion efficiency, auxiliary agents such as dimethy! 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 cells for each myeloma cell. The culture medium used for the aforementioned cell
fusion 1s, 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
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such, mixed with an appropriate amount of a general adjuvant (e.g.,
Freund's complete adjuvant), emulsified, and then administered to a
mammal several times, every four to 23 days. In addition, an appropriate
carrier may be used for immunization with a sensitizing antigen. Following
such immunization, an increased level of a desired antibody in serum is
15confirmed and then immune cells are obtained from the mammal for cell

fusion. Preferred immune cells for cell fusion include, in particular, spleen
culturiag £his typp ok SFil SRR araon%ﬁwgm; B&ﬁgmasagramém@sm?& sgh as fetal calf
serunpeiffter callstosbe fused vistitithe above immune cells, include various

kngwp ceflsiaing, Ln.exapals gﬁ’ﬁ?ﬁﬁ%gé- 0P K e N solnfed 8P niding
Immunaql (1979) 123, 1248-155, ), P3X63Ag8U.1 (Current Topics’in

predelBRIRrOHIORIY BTGy b 7By ST £o7) sy Rlestiét Bl aRd

aforevitsfeirdGylbas rdedinmy el {60 26)6H g5bd-Hl8H MRCatdn(Masg WD to 60%
~all {197 -415). 5 £l )

o 8 ST R TR

pre-hegied to o8y Bl Crroligell (usiomagsyss Mdduehohah aragnsuitbls fpr the growth

of hyRRIbehES edft e Gathalcd\Nateepddi8dl9) sddihgldilapgd)ptdtd Qtlelte medium and then

remo%g?aﬁi%ﬁ%}ge Z%}Pm%%%gﬁ{gﬁgmemioned immune cells and myeloma

S can ?1 . using known methods, for example, the method of
MildtsiRRava hpkedrrasassglkirddm caltuingrsls iAokl 1Weajorsulture

medidrd6)r andrgieHND e speciiatlbs thedforemeditieneshealiifusiondsanthine,

. leved jn.general\nutrient cultu edium in the presence of a.cell .
L e e

periods gppripilivise (s Ja e sevaiahrscgkedakifucsdn ehpathaniadehrsiomas of interest

(unfudedréBRE).to EheiancafEenieHicie deltauiians agepisrstebias sireetidd clone
ulfox'% e may be addegbd on the need. The ratio of immune cells

h bricfoma.s gt progyce an o%r%e?qi%rgre t .
S mye A Calls teed 1s p ferab Y, 16 example, 1 to 10 immune cells for
eabhajidionia Beinrhe éuferamesiamerssdfondicaioamisiiigndgeselfor
obtaindREUBIORFISeAMENABINS bItB RNV L6489 IRME WMhEHHETE WMRHINaMWRIER of binding

08 L Ay BT Eh 4 P TGS o o L imse
lymphesatt: wiihhaleniore as8asm Hupplepnentigeuchpissfong adlfiserim ¢adBiping the
sensitBRa0 BEeSEbEY LOMINARIAAan myeloma cell (e.g., U266) (see, Japanese Patent
Application Kokoku Publication No. (JP-B) Hei 1-59878 (examined, approved Japanese patent
application published for opposition)). Further, a desired human antibody can be obtained by
administering an antigen or antigen-expressing cell to a transgenic animal that has a repertoire of
human antibody genes, and then following the aforementioned method (see, International Patent
Application Publication Nos. WO 93/12227, WO 92/03918, W0 94/02602, WO 94/25585, WO
96/34096, and WO 96/33735).

The thus-prepared hybridomas which produce monoclonal antibodies can be
subcultured in a conventional culture medium and stored in liquid nitrogen for a long period.

When obtaining monoclonal antibodies from the aforementioned hybridomas, the
following methods may be employed: (1) methods where the hybridomas are cultured éccording
to conventional methods and the antibodies are obtained as a culture supernatant; (2) methods
where the hybridomas are proliferated by administering them to a compatible mammal and the
antibodies are obtained as ascites; and so on.  The former method is preferred for obtaining
antibodies with high purity, and the latter is preferred for large-scale antibody production.

For example, anti-IL-6 receptor antibody-producing hybridomas can be prepared by the
method disclosed in JP-A (Kokai) Hei 3-139293.  Such hybridomas can be prepared by
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For cell fusion, the fusion cells (hybridomas) of interest are formed by
mixing predetermined amounts of an aforementioned immune cell and
myeloma cell in an 5 aforementioned cllture medium, and then adding
and mixing a concentration of 30% to 60% (w/v) PEG solution (e.g., a
PEG solution with a mean molecular weight of about 1,000 to 6,000)
pre-heated to about 37C. Then, cell fusion agents and such that are
unsuitable for the growth of hybridomas can be removed by repeatedly

injectipgiiMr apibegratedirinediauiomednte thesbdrrpvrlgarisabe Bildie mouse,

obtaimiygestiiésgatidhed Glkicyator e Mybriddbedy arenseieatestdy Uity tiigueRlisthe
hybrz%&gﬁpﬁ{%@?@%@@rﬁéﬂ&%@ d'R f&%&i%ﬂ@ cAoLt%ln}u 1@? l’c’a bovine

a culture m containin oxant Ine, aminopterin, an

semntmr%@@wmw T dpaheresiMash ey gaﬁra@mqoar medinm

(GIBQEnBRIY, SEVEVRI DRy ditorsEVESQiOVBERS), wclglhﬁeliaeatberama@m 1 antibody from
h JR{Q omas terest (unfused cells). Then, a standard limited dilution
cc met{":3 8%‘otrr]med to screen and clone 15hybridomas that produce an

ant&fef@ylémﬁ@é?@abodws PrAdEiHeH i the mraIReesabifmdisizirghe present

mvenﬁ@ﬂ -hiam @E&%ﬁ)&ﬂi&k @fﬁlﬁﬁmﬁlé@& Qﬂ&@g@@ﬂeﬂlﬁréﬁ@ﬁﬂfﬁﬁﬁ%ﬁ@mqu@s by
brrdongaa deS|r antibodies Wlth e act|V|t of blndlneg

Clomn antlégﬁ or an e eI)% ?éns%llilns%rt an ﬁenoeblt%ll’]%% EB)}JIO r%al ﬁ&mr and

then rgtm@ﬂgyhﬁpm@t@mmsﬁéﬁﬁ’e@aﬁﬁgeﬁlpr&@ﬁfﬁ@r@&hh@eﬁaéﬁpﬁe@irﬂgmk LW,

Therapelltid MitsRe @biusinbiar L Psensitizes %ém&aqm%%h B NIBaRillan Publishers
Lid 1gbyﬁloma cell (e.g., U266) (see, Japanese Patent Application Kokoku
’ ication No. (JP-B) Hei 1-59878 (examined, approved Japanese patent

applieienceitishHien RV Appoling ) aptiborbsr vartiddir6d)ragiems artitsothyed from
cells aaﬂpb@dgbémasé@amma&eﬂ@gamaﬁyg@&b%antIWAp (2S9RGsERdO by

prepatn ag anrmal hath areg%r{ﬁé%ie antrbb%yg es, an

a]ihgn owiny & AfePEtE (S)’ds'(l§ 4f BltaGHpiniugation

methopgApilivatioh %tﬂrm&qﬂwwe 9@19)21287,,5\3% gmaaaneﬁweepc method

(ChorRé/PR48 2% QS 99[3@5@1%0\%% 9?@847@ Q%L;aﬁggxg%f e (%ﬁ-%@s‘?nléﬁmé using the

re are idomas which prodqu ibodi

an Sk b TG BT o TS Y ok ARt RAEEY

prepatfest a‘ﬂelg @emrdd’rWh?eRIéhtEmﬁgmﬁawﬁhaMMMes from the
afcﬁﬁmﬁg%?ﬁ?éjaﬂw%@?m@@gm FRYQUawing BaatiadH I M LB RRRYEsing

revers%{é methods Whe he hy br domas are cultured accaording to conventional

i R TR R S R
Fifs‘“mmﬂmﬁtm*lmmﬁmre Prolifeyated i adraimisteringi i dONAS, the

5. M@%@@W%aﬁd dhgramipodigy AeARINGHas 256! ﬁ]s £9002;

The former method | preferred for obtainin nt|bod|es wit

Belyaythi A ot e B AR ol Bt de ol Qe IBRE S SATHbAINDER RACE
Kit (CBpferhgearhPleR ami (be @mgdeptdr aAtibday fprgdeaning hybreomps: daa fem the

obtameaemegraaummma? ﬁgéré@%a%'a VEb I5RK21) HELR- 1399933 Vector is

g ridomas can be prepared by 9
prepared using the above DNA and introduced into Escherichia coli or such, and then its

colonies are selected to prepare a desired recombinant vector. The nucleotide sequence of the
DNA of interest is confirmed by, for example, the dideoxy method.

When a DNA encoding the V region of an antibody of interest is obtained, the DNA is
ligated with a DNA that encodes a desired antibody constant region (C region), and inserted into
an expression vector,  Alternatively, a DNA encoding an antibody V region may be inserted into
an expression vector comprising a DNA of an antibody C region.

To produce an antibody to be used in the present invention, as described below, an
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
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injecting a PM-1 antibody-producing hybridoma into the abdominal cavity

of a BALB/c mouse, obtaining ascites, and then purifying a PM-1 antibody

from the ascites; or by culturing the hyjyridoma in an appropriate medium

(e.g., RPMI 1640 medium containing 10% fetal bovine serum, and 5%

BM-Condimed HI (Boehringer Mannheim); hybridoma SFM medium 5

(GIBCO-BRL); PFHM-II medium (GIBCO-BRL), etc.) and then obtaining

PM-1 antibody from the culture supernatant. Recombinant antibodies
can be sxREessREAVASHREORIIAS AGAS! StiBERiSE RS IaBaRE ention,

whéreir thesantibodiemare pedducheteisingi garelic sesonbinationand such,
amﬁcﬁ‘iﬁr?'H&’&éﬁﬁé&yag%t?é%{@%@&hﬁﬁﬁ%%%ﬁé‘{gé Pfgz%)p rllg.,oc fhﬁ!erxl cegg lg.(}crﬁ%s

gerie into an appropriate vector, and 10 then intro chg the vector into & .
humaped @aibadice,triph. BErbepedk, Eheseragdifiadamidhodieyan be prepared using
knowd heydyadsitic Monoclonal Antibodies, published in the United Kingdom by

Magmil 2ublishe . e cifica RNAs coding faor .

b S T ailn oS AR T AR ooy V region.

obtaingdipsrievcoriiterdit Agerrdinaypanastivmiy Asreginbdhien iassiting the DNA
into afl 2RLEALH lQV@i@rl RiAsIAGRRIEING Igt&ﬁﬁi&ﬁt m@maﬁcﬁ@&i@éé M&opean Patent
.guaniding, ultracentriffigati etho irgwin, J. M. et al., Biochemistr
Al B B R it i bl G R o, wo
92/19A341. Bidenknev 1 osthaboamspusedio abtkisrepriris mrikpdiassisfuhénthe present
invenfi?RNA Purification Kit (Pharmacia) and such. Alternatively, rnRNAs can
be directly prepared.usin uickPrepn mRNA Purification Kit, ..
R R B AR e SR atibagim e
antibogiraiwsersRNAeTamenerte detgrsoninasegioBNADRSobensytihedjz&dm a
mamm@i@ﬁl@fltﬁé}hmme(@s %&_még&%%lﬁ' %@t{%ﬂﬁfsﬁé‘%@h : %@%ﬁéﬁz‘é%ﬁﬂh dﬁnan
.. S0 on. Eurther, to thesize and amplity the.c s, t - etho
antibogiesy CEnsifl sededs 18 dgpe E&%ﬂﬁ'&. /e 3158 78T dgkp Sigpean Patent
Appligéigavsiylicatien dlo. NHdfOX kil Rediqid Fayety A2olicagios Pubsivagion No. WO
92/19P5AHMpli FINDER RACE 25 Kit (Clontech) and PCR may be employed. A

DNA fragment of in t is purified from the optained PCR products and .

th ‘if&ag%‘%f&ﬁﬁﬁ%\ﬁgfgrsﬁf%ﬁ% FiEn bR SHiQhidpareyantibody
are ligasidgvitte th GvenbikandimsdHBse dfintoBscheritiodycol syrsbetizahbly PCR from
severalNSITLBRCABNIES BIERRIGASAIR RO RBARS O IFRUNRINAMLYERIOT The

LT cleotide sequence of the DNA of interest is conflated by, for . .
obtaingg RS et rdtiB G h SR ERELAL I b grered nto

an expaessintibadioof intbeespisshminadotheibibussigated hoth @ Piddutieathe humanized

antiboBP¢ede T AroesIrerh At Doy COnMHIRAIAH ol aionh A0 1RSEHRA i P atent
. an expression vector, Alternatively, a DNA encoding an antibody V region
Apph%%?f’b%uﬁé@ﬂga Moo WP G?%]rggé?% vector comprising a DNA of an

an‘ﬂiho@yrﬁare@iﬁboaiolﬁtmﬁube I@a‘aﬂtiﬁa_ad;et@lb&mgcﬁdmm preganthe CDRs form
suitablOYRALER bﬁﬁiﬂé%gﬁf&?d Pl a0 25aR)ReEY-O80 ¢ I8 'Wé%ﬂ?%@d?%iable

. expression vector such that it is expressed under the control of an )
regiong e {6 SHSHER iRy HeeGRSATISP diakiin & Rivsehn seshapre rghterantibody form
an appidemttheagtibbihydiddstian TxceXpresse ChydeaRsto1HAg) & haki ic8Bayith

thiﬁ%@.ﬁeéﬁii%ﬁ _ ég{}y cheﬁmdt}gg%%% é%}{gf«litfﬁ{;},\gtﬁ)g rﬁ)q Lcﬂﬁﬁ ec imeric and

heteroantigenicity against humans and such, arti mo genetic

humaniged qEiRaAicarmisbisdadedr exemplior aimBre Siibbies Rumidridaaay be used.
Humamatitiboigslighitsham Caadienysedudase sxadifledianiinddies qandermore, to

impro‘% ?P@E?a%ﬁ'ﬂngf the antibodies or their production, the human antibody C regions may be
modified.

Chimeric antibodies consist of the variable region of an antibody derived from a
non-human mammal and the constant region of an antibody derived from a human; humanized

antibodies consist of the CDRs of an antibody derived from a non-human mammal and the
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5 known methods. A chimeric antibody can be obtained by ligating a
DNA encoding an antibody V region, obtained as above, with a DNA
encoding a human antibody C region, then inserting the DNA into an
expression vector and introducing it into a host for production (see,
European Patent Application Publication No. EP 125023; International
Patent Application Publication No. WO 1092/19759). This known method
can be used to obtain chimeric gntibodies useful for the present invention.

framey QR 4R SRS AIRRENL FESNTS AETAYPEATRILE uarRsE pithhan Hisibtig seduced
anti gl tsrim thntivadie bodyerethatansmptémhentartifyodetefoninsag s ehionmceuticals.

(C @@%ﬁé@éb@&%c&ﬂ 3MARMBLAhRI PR WMAR (8 G Br@%g?gfvention

) antibody) are transferred into the CDRs of human 15antibodies.” General
meludf SR RIS gdrle R (Aetidn aRe RIS R (Rndicrippdadiication No. WO

92/19P3ent Application Publication No. EP 125023, International Patent

AW@%E&;‘@H%@%&%N% e%ﬁ%ﬁ%?xﬁg}r d me%%ﬁ ?&e%%iﬂply Fﬁlhlém tibodies,
sequences designed such that the CDRs_o?a mouse antl%o yat% I ated
technigesdie AbiieiRd RreYIcHEpHS) BY RANDIRE Y HRY Béﬂ%ﬂgyhms@garwre also
knowP. CR dramaziisevieal oliglausieiideShproshesdhiaitent@irheovepaRpa®n phage
' i termini: T ined: is Jigated with an

s ML SR A
antigeficbipingrhagesy 648 it B fstastedtrodicerining hestarrpridhesdlseted phages,
DNA benanizedodiiipasyi{seantat ﬁﬁﬂﬁﬂfﬁiﬁﬁﬁlﬁ@@f@ﬂﬁ@lﬁhﬂ}lhﬁ&@ﬁﬁ@ Meigen can be

EP 239400, Inte lonal Patent.Applicati ublication No. WO
deterng ROl DL e S revested. an
apProRERe BPEE AP DIRTHN SUitasRuaRRyeH bih eprgtsiesed Thebiainduman

antibodgid(ShwithincthedsRe: althe priibedyvariablsusgiansmawbe solgtiutedyo

n that.t tibo gg r
S22 i 7 te Rt I e om0 B 388 can be
used g538igBBYeHUMan antibody heavy chain C regions are generally used for

the}“ﬁ@ﬁl@ﬁ'ﬂ@cﬁ}“@eﬁ%@ﬂﬁﬁﬂ%%@l andhe g&ﬁ%@é}gﬁeﬁé@@c@i&gﬁ ﬁ)ocfr(]mv}e]:ntional
xa Cyl, Cy2, Cy3, or Cy4d m e used. Human antibody light chain .
et T LT 3 O R oE i e (B IROFEU S & DA in
whichstabilitjhotithgeantib bdiesorsteditsgrogtiotistly thertedritanusafidsayr@only used
promdRIANB8Y, hespadiiedhime ie aRtihouins crnsishof &e@c&a&tﬁﬁhﬁimg the DNA.
E r?%ogof an a[[m (l)_lg%rgerlveg 1250 81835 non-human mammal an tt € il
XA R Y PR R T AR TS PR S R T RIS HU R aatate carly
promageiddiesetonsist of the CDRs of an antibody derived from a non-human
mammekeRekhehdbromoters/enhancers that can be used for expressing the antibodies
for use in the present invention include viral promoters/enhancers from retroviruses, polyoma
viruses, adenoviruses, simian virus 40 (8V40), and such; and also include mammalian
cell-derived promoters/enhancers such as human elongation factor 1o (HEF1w).

For example, when the SV40 promoter/enhancer is used, the expression can be easily
performed by following the method by Mulligan et al. (Mulligan, R. C. et al., Nature (1979) 277,
108-114). Alternatively, in the case of the HEF1a promoter/enhancer, the method by
Mizushima et al. (Mizushima, S. and Nagata S., Nucleic Acids Res. (1990) 18, 5322) can be
easily used.

Production systems using prokaryotic cells include those using bacterial cells. Known
bacterial cells include E. coli and Bacillus subtilis.

When E. coli is used, an antibody gene can be expressed by functionally ligating a
conventional promoter, a signal sequence for antibody secretion, and the antibody gene to be

expressed. Examples of the promoter include a lacZ promoter, araB promoter and such.
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framework regions and constant regions derived from a human antibody.

They have reduced antigenicity in the human body, and are thus useful as

antibodies for use as pharmaceuticals12 Preferred specific examples of

humanized antibodies for use in the present invention include the

humanized PM-I antibody (see, International Patent Application

Publication No. WO 592/19759). Furthermore, in addition to the

afqrementioned methods for obtaining human antihodies, techniques for
Whenia H@Oﬂtﬂ%%ﬁﬁ@&ﬁ@%ﬂ IS FIRGEERSA G kB ACRRIBEN bpAryyacd ef ol
(Wardarie. 8lsg khoMatufeofi @RAn3die, Hhé- SafidbledeBichsni/humaRRALIDEYESSs,

24229@_@7*3%&%%%%%_8&%?&%%&%%@&&%}%%@@%@ RGP SEEYLPY (Better,

using the phage display method, and 10antige Ing phages can then
M. ezBZ=%’§E‘F§0(.1§%/SAI%§R'Z{%]tﬁ@‘tfénes of the selected phages, DNA

seqiibacés endingtfos redussibiniantibpdyiplasiable Zegion sipd] inddtRequence
(Lei, %‘rﬁ'%ﬁlcqnﬁ)fcfé?ﬁﬂr '9%%6‘&9%3'[}5@@?25%%%%&:8 fagg S EQ{I ts%%%ence for

. binds to the antigen is revealed, an appropriate expression VEctor
antibady; SpEfifg thel BB GHEhediemprofuesh o e e DB eIz hanlaiad casbibay. used after
appropiiesly méthiidg dre-abibady knanie asd, the publigdlione gio¥(3 ©2/01047,

W 93/0621.3, 2 Q.93/19172. W . ,

O NSRS MRS S v
papillgeacdred ABHY e sBeREenhbesekprdsaddisicsotaien o coboastionapy number in
aho st%lh@@iﬁzéll\/che@)@)mﬁﬁma&aﬁrﬁﬁﬂﬁibﬁ@gsm&ﬂﬂhﬁ%gﬂ@ﬁ@ecﬁlﬁb%%otransferase

xpressed using,. a DNAR.whic e anti ene to be, expressed |
A R e S B P B S st
(Ecogpfy ﬁﬁll"éidh%Y tefreHackEdERiryeare; or svkeator sdneprisimgkes. DNA.
Exampiesdatad emiareahBaossdns|preiher I mantiemaaaloy e present

|mmec¥ﬁ\te ea@# romo er/e?gnanch r(.)d Furthermor

X , other . L
mven%%’mo ersfen %ﬁg&‘%\/ %%Iptszanrtﬁ)uel used foF a)%'strlé)éls]iﬁ(gl‘fﬁ% 12 S sk ifpkive

produgfienipyghenresbhriroemidiciing st plodotostaninmedisfiai cells or

prokaf@iRMiENRES, polyoma 25viruses, adenoviruses, simian virus 40 (SV40),

ang such: and glso include mammalian cell-derived promoters/enhancers

o P SR oy B o i A e vsing
animalisels\pianp rsHowr Enaarsdlsis Seel atinekprdssiohidanl bdlensiiylian cells, for
examgrfomned by, felleng hapeihadby MilioprriakitMyNGan . Bd Sudt &)

hil}i%t-zucreep(sl 39 277,%%%—114). élterna%zlé. In the"é%?e f the HEFla | Tns

am P S A AR G TRBIR S 55 SRS SIS (AL isHmR: E0a5fd !> T3,
and suglagafanevmpoiéiccheidslRies:of1:0¢0)vid, 532 icatidpe edsilymsediich may be
culmréargsdweﬁnﬁssyq@l@wmﬁ%ap@h@ﬁ)ﬁer{%%ﬁ&@%&%@s’é&yﬂa&ﬂ@%@! S,

cerevj‘%%iﬁgéﬁc%%%aﬁi%@éc é%%%%g%gnggtgf?‘}f ’%%gg@ggbw?ﬁnctionauy
lightitigcalies can be obtained by using transformation to introduce an antibody gene of

interest into these cells, and then culturing the transformed cells in vitro.  Cultures are
conducted according to known methods.  For example, DMEM, MEM, RPMI 1640, IMDM
may be used as the culture medium, and serum supplements such as FCS may be used in
combination. Further, cells introduced with antibody genes may be transferred into the
abdominal cavity or such of an animal to produce the antibodies in vivo.

On the other hand, in vivo production systems include those using animals or plants.
Production systems using animals include those that use mammals or insects.

Mamimals that can be used include goats, pigs, sheep, mice, bovines and such (Vicki
Glaser, SPECTRUM Biotechnology Applications, 1993).  Further, insects that can be used
include silkworms. When using plants, tobacco may be used, for example.

An antibody gene is introduced into these animals or plants, the antibody is produced in
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35conventional promoter, a signal sequence for antibody secretion, and
the antibody gene to be expressed. Examples of the promoter include a
lacZ promoter, araB promoter and sucfy 12 When a lacZ promoter is
used, genes can be expressed according to the method of Ward et al.
(Ward, E. S. etal., Nature (1989) 341, 544-546; Ward, E. S. et at, FASEB
J. (1992) 6, 2422-2427); and the araB.promoter may be used according to

the hod.of Better.et al. cience
the bﬁ%ﬁ% %%her? {Rs aﬁ%%t W %1%1?8%&5 ﬁ’i]tf)eﬁ’?& ?pl ShesrRPls
antibgide g@@@tgbmpmmmﬁéﬁos £Pnebal indeBagtérioto @Q&ﬁﬁdﬁgqf a gene encoding
a profé3y hdSE3)snap Qc?séiﬁe@lﬁaﬁﬁﬁﬂaﬁa?%%ﬁ@e@fn%ﬁﬁﬂzdy $GICHY

antibo |e roduced | to éhge’r# %P a}ﬁ rE golated and then used a ter
compgélpnr%pn f Tetbltmg ISR S AT SEBE 1P RATRISL g goat embryos,
and {lgp¢8u394) aﬁ@sllﬂﬁ@d@pﬁﬂd:atmrfm@mgmhtsse Hbrivedifed rmBhotly, ipolyinad from milk
produdédHyade @ﬁ)&ﬁ’g&@%ﬁﬁ%&%@ﬁﬂﬂ eReayiiSHB R R tﬂé%@l@)ﬂsb ®r produced

the gene_copy number in a host cell system,

used. In addjtion, to enhan
from Hgggg%rse %Fi} %%mgeﬁqé 20R1S S%EB%SH hormones to increase the
volmm@%mmmmmm@bmmmméumnmﬂmmmelﬁmr al.,

ang@mmgquq@m ] @Iwh@ﬁbosyltransferase (Ecogpt) gene, dlhydrofolate
ase dhfr gene, or uch as a selection marker. Any production_

‘15%“85,@6%856 P& theamsioaiRdadrdeatihahecpledsn inssried with a
deszram‘aehhot&y Ftre prod detidessystamibddy andiitathed fepardidodycilidésioftiege
silkw @ (YR RYOGuRlaR, RySterss|n t’i”?d?@?&f“%é)’&?@%%ﬂ%%%%ﬁ C%Sles used, the

hen eu otic cells

in Icaryotic ceélls or prokaryotic’ce
desire ETORN G th OO SR BT RoHe RERR inp TS b he vctor
is intrpthretd étisy badengalichlis. Suchaanimak cetie iackige (1hi @a&mﬁﬁ@m@@&sd to infect

tobacée V(QQ emﬁiz%aqz—bgagﬁl &c@&ﬂf&% é’cf‘%tﬁ%ﬁi%&er klgg %%tg %Eg)leaves of

Vero, and such >£_’C)‘ bian cells, for example Xeno&;}ds ooc te

this tqhagea (uliansd-o rMﬂé?t &lo 1. dmmmal %W)I%ﬁo ﬂl%*ﬁt ceIIs
inckilenqetisiatnyed:ftonidviggtiana takesum vwbighomry desulinet a8acribed

e N Sl A 5050 4R 5 IS s o

mseﬂ%w%mrééeféﬁ%ésmaﬁ%awéﬁ %%%mmﬁwm@mém@@tﬁn vectors.
Altenﬁnﬂbmylgénéﬁm‘ indgresiistadhese aelisglanstpharicuiering fheransforming a host

e ing to known
(see i et%%égfe o#%&irg B\? g%ﬁ%é%&gﬁﬁﬂ %%I\%U%%%FN% may be used as
thel BERUFDPHisHURd AR PSSRy EUBaHRIRAS hheat d s fnap s s ddified
produc@nieiaaflan. ibngthetheelanniedigsd wia ﬁﬂﬁﬁ%ﬁsﬁﬁf‘ﬁﬁéﬂﬁb’r@e For example,

e TRy e
H aﬂd|Hab%ié%ﬁ¥?s@$§mﬁiémh@§[§@?frﬂ@d@kﬂroductlon systems usmg animals
mcspeaﬁb@lsg tbahﬂﬁﬁdmfmgﬂdéhw alﬂﬁﬁﬁﬁu&é@%‘}m?éﬁdﬂ heBPRRYSEH enzymes,

S T T
introdyged ste SoRItian kWS RIgl mmgngrma@ﬁsnmmmpaaﬁa@mmase for
examplRl €XANIPR ¢f al., J. Immunol. (1994) 152, 2968-2976; Better, M. & Horwitz, A. H.,
Methods in Enzymology (1989) 178, 476-496; Plueckthun, A, & Skerra, A., Methods in
Enzymology (1989) 178, 497-515; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663;
Rousseaux, J. ef al., Methods in Enzymology (1989) 121, 663-666; Bird, R. E. ef al., TIBTECH
(1991) 9, 132-137),

An scFv can be obtained by linking the H-chain V region and the L-chain V region of an
antibody. In the scFv, the H-chain V region and the L-chain V region are linked via a linker,
preferably via a peptide linker (Huston, J. S. ef al., Proc. Natl, Acad. Sci. USA (1988) 85,
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An antibody gene is introduced into these animals or plants, the antibody
is produced in 13 the body of the animals or plants, and this antibody is
then recovered. For example, an antibgdy gene can be prepared as a
fusion gene by inserting it into the middle of a gene encoding a protein
such as goat p casein, which is uniquely produced into milk. DNA
fragments comprising the fusion gene, which includes the antibody gene,

5879 38841 oy THLQHS O BBy e BT (SECACRB drey of e
antlchhmmmk@dlnbar@boﬁ‘ﬁmdhé@wﬁmémitenglﬁmj\/thegwnb iyolsider for example,

arbm-arp drom REadRRies:OfHIRs6ranitmale AR AeRin Q0ats can be
mones o ingrease t evolum ofmllkcontalnlng the desired .
() THAD SR BN (L ATESAPIRIR Lot A BRPR LGRSy T0Sghesn or a V

regiom@@dmNA@WhémgMohhmmoe uSedgihe sillwatinsacatiotedadtibittiies as
templ%@u@‘ﬁﬁ%‘?@?@%’ With Arsiesived antibody. 06AG t%@%é@f?e%vl ae?clig acid Sequence in

nti od IS obtain from the bady fluids of these silkworm
the teggp N%ﬁ&ma@a@a %S @g@g@@%@%@ﬂ Wﬁéﬁlté’éé]&%m&tl&%@%en further
ampl},ﬁjesge‘meammbidﬁi;dgﬁﬁa isoinertethintD X pldnt expréssiopeyedtoiesg portion and

primeP MANEAPhAPAIENRC R ptedus sl o basiaiauhes

grobacterium tumefaciens. This bacterium is use

(e an.éaﬁaﬁ& tapatins PN hansedrehia et et e BBTApREprising the
DNA troin thesteawefoohidisvidbaeon{uiam i€ oblaMalelcabrdiy 1J chivebfichal methods.

In adaﬁ%l%g 14 d3ed 3NBeDRAMAINS ANTRRdIES URlAGD WD %%ogs;v"

uction S%F;[ems as describ As encodin an

heAWABR%N heseraih o dgmeatasbe Rdysad pe Hhpeplaining and
expremlﬁ@thdé& gxmfgssH&M@g@rs‘m@@ib’oshmﬁhﬁmgﬁﬁaﬁ ﬁiﬁlﬂiﬁﬂ@ WithhiBexs,

Ve%ﬁ{%o%(i)ébs’lg%%%flvew%rw %’gﬁéullﬂ ysx? ?lnser a Slfs;%cfl F}PEG) may also be

expression vector fOI’ trans orming a OSt see

used a8 diskdripissiationtiesigver damibsdyg). encomwésaﬁﬁb@iarégdyﬁéd antihedies.
Thesepregefddnvemtialtsay be cbniined fragments prnnaaHiedREbuaifd antibodies.

f SQ ) n,be wérply used in the present invention. For
Such Ité]x?aﬁr%%e antfggaﬁ fg t3(::5}1r1rlsen slrl}‘ntc Fab, F(ab')2, Fv, and single chain Fv

(seml)lbmiwmndﬁéﬂt@@cbm@%n afhQvelRainbease it foiathpinside or outside
of the 2pRs QPRI HhKBbsts, andRBSiigatfethe ﬁf)ﬁ%@ﬂeﬁ@g m?l'ig%ﬁ'i@dﬂ’i@Q B588ke in the

treatin ant ibodies with or.examp ain or pe sin,
P resen%nvﬁlgt {\)/gly, enesefginavt\c:llo @értﬁese e énrgp%% 8é&ﬁWro§{f’égﬁms to be
used fntthesPiaizishroaeiosaptionshste day e&@mﬁs,epmﬁeapﬁr@ﬁm hodtpeettsn G
columffiee (errR¢apIRfde thdhrSeiAl coluMETHERI1RIAKARS 4B BOROS,

Better, M. & H 30Method
oSNy SR e (R R U
punﬁcwewwmonmnﬁnamém@@d,mnamnmwgyteﬂgsgmm}%z 663;

quSSaAp!d; Babniethersia Bz 9@)&1(%%%11&3%@?& 60fa B dnor

pmﬁfa% e E R A R e
chromégitesseiry, ﬁﬁﬂéeﬁscﬁﬁhﬁkm@gmr&aémmetl_daﬂmm,\ﬁnétharé)ﬁmkeﬂmg@hles
includiNkffexample, ion-exchange chromatography, hydrophobic chromatography, gel filtration,
and such.  These chromatographies can be applied to high performance liquid chromatography
(HPLC). Alternatively, reverse phase HPLC may be used.

The concentration of the antibodies obtained as above can be determined by absorbance
measurement, ELISA, or such.  Specifically, absorbance is determined by appropriately diluting
the antibody solution with PBS(-), measuring absorbance at 280 nm, and calculating the
concentration (1.35 OD = 1 mg/ml). Alternatively, when using ELISA, the measurement can

be performed as follows: Specifically, 100 pl of goat anti-human IgG (TAG) diluted to 1 pg/ml
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preferably via a peptide linker (Huston, J. S. etal., Proc. Natl. Acad. Sci.
USA (1988) 85. 14 5879-5883). The V regions of the H and L chains in
an scFv may be derived from any of thg;antibodies described above.
Peptide linkers for linking the V regions include, for example, arbitrary
single chain peptides consisting of 12 to 19 amino acid residues. An

ScFv- encoding DNA can be obtained by using a DNA encoding an H chain

vin QAR O TR REL, g S IS e

oveﬂpg*m@mﬂﬁbt@nmdbélﬂaékmréub@n | nﬁfaﬂl tlsekjnenteo mtltbé demplatpriately diluted
antibSEANERRSAREH ISR RITREIS E&%&n 16 ABrminial eaﬁﬁmu%n%é*aﬁﬂbody,

rtion with a DNA that enco

and hﬁ%&%ﬁ@ﬁ%ﬁ&@ﬁ@? 'f'edaﬁa ERATBIEAJE I h BT ree™

tempgtedurchain and L chain. 100nce an scFv-encoding DNA has been

Obtﬁiii’&%é‘{h&?% iSBSIAN S U COMpLPNGL IR @%ﬁ%@ 98ed anti- uman IgG

sformed with the 'vector can be obtained ac to conventiona

(310 SONRGED s i G erebeis 60 OBERABGACCBRIRG RS a8 Gondianother wash,
substratetivddSansingdthe hodtncubakd atmovide thiesebantibads0l agnie mﬁa@afb@asmg a

Micrdﬂﬁ%@&hgmom M 1{9 @QH?']' antlé&ﬁémsédﬂgemﬂﬂgﬁ %?%e % ody of

an "antibody" encompasses su y fragments. 15Ant les bound
interegt; yarious molecules, such as polyethylene glycol (PEG), may also be
usBpeaifivafigifezdrapiitb odissii Here it drstibddye nacmpagsestiitily limited to,

| | taine
the m@“%%%ii@%%%iﬁ%a%%ﬁiﬁ%% LR 1 SR a2 (sao
Ket aést%ﬁéhétaﬂﬁi% thit? IshissuridMreintatithp deaspresSesiely Eﬁdwwwlogy
(1991belisoktted from the inside or outside 200f the cells or from the hosts, and

th i tohom e ibodies for use.in the present
mjggg%%&gan' "be |sc?l(i:aé:sedte gg%mi/gl?%l?ﬁ e%c? 65?}‘%“88 1ﬁigtm(cftir(cg)}erha garr%nﬂt particularly
limiteg g thp 818 hee e dERFb -th el armwiey Emmﬁai’ég?abw m@iiieg%ﬁé‘»éaﬁi%) 90,
1192@[@9@1&)&)@@1umnsﬁwd’mp&@lmarﬁﬁiwmq1@@ylm @@@@G@emq@@@e

I mn erD RO F
UK o L A B R R SR G L) Bhnese, e
PM-1 zeabﬂﬁbaﬁtieth Wémméﬁrsf@}i@n@mlneah@eabemsa@mt Himibsenian dhyd
receptWﬁWhﬂe tlﬂ&ﬁ&?}mmﬁlﬁzﬁﬁ&tmgﬁﬁywE‘{‘Ff&@eﬁ@ﬁﬁ@bl@ﬂﬂ%éﬂ% against

ed and/or purifie ropriat cti om

the moﬁ%ﬁ:%dgi:a%iés i sddion il ?ﬁ)ﬂi i & érlg‘n%é?tog{régip%’ % ersil.'i amples of preferred
humanjgesfitetidnd mawgr@mlméwgimm mmwehﬁ%gr@mﬁeéyr{&mjﬁmmb
MRA)‘?]F esaw@@fé%emnme@amg@ﬁ% a;r ﬁlﬁ%@@?&@%lude forh exampie the

romato. and su e |es
antibo%hes eﬁc@%"n@@@ﬁg&@@cj liqeiP RS BO G %%Sn? ant-1E6 receptor
anthAi@émiu@ybwe@/émerwmﬂrhemaym@mwomzmmmmﬁM—1
antiboiie(@hétredigs-oRiRiagd as above can be determined by absorbance

ur nt, ELISA, or.such. cificall e is determined b
o TRB e GRS 2 ARUHAth L i PG okt SgpARcutanly limited

to, thezinsthashiecA 62 80Prin(FokhDditailatiy 8¢) 398 dhcdit stioited Bat@ Dateht
PublidRiiN A E3at Ve, When-peine EL ROk measyemsnt can

The IL-6 variants used in the present invention are substances with the activity of
binding to an IL.-6 receptor and which do not transmit IL-6 biological activity. That is, the IL-6
variants compete with 1L-6 to bind to IL-6 receptors, but fail to transmit IL-6 biological activity,
and thus block IL-6-mediated signal transduction.

The IL-6 variants are produced by introducing mutation(s) by substituting amino acid
residues in the amino acid sequence of IL-6.  The origin of 1L-6 used as the base of the IL-6

variants is not limited, but is preferably human IL-6, considering antigenicity and such.
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be performed as follows: Specifically, 100 til of goat anti-human 1gG (TAG)

diluted to 1 pig/m1 15 with 0.1 M bicarbonate buffer (pH 9.6) is added to a

96-well plate (Nunc) and incubated ov%night at 4C to immobilize the

antibody. After blocking, 100 )11 of an appropriately diluted antibody of

the present invention or an appropriately diluted sample comprising the

antibody, and human 1gG (CAPPEL) are added as a standard, and

incubated for ne hour at room Stemperature. After Washlngt 100 p.I

of B0 ARt HEA SRS BRISPRSELEIEL dR A RATREhPRS e (@i the secondary
structB@ VREBHLIS added and saqubmtedsiog dnevhomokicidemmeiapegaitreaAli€s. .,

ﬁ?tﬁﬁ{e‘ﬂ@%a?uf)%@fe@‘aﬂﬂgg ('?9@69@%@% NEHOAEH A égk%l% élfe influence of

a sorbance at 405 urn is measured using a |V|ICI’O late Reader Mo

the subsBHas srRiBaPRAdsRdSE PR f@m’éﬂﬁ&i@ﬁc&#@me%ﬁbéﬁﬁr&fmmg the appropriate
amind Bidersitue to Eﬁmebn‘urraﬂgd exampialy péﬁnﬂﬂéd@@ﬁtlimdieﬁsl actudesidibibut using a

t .
nucle@ﬂ:ar@% mg.rgéugrlléll?g %eiggﬁgtg}ig%%%%di late, (%41? %ﬁ#ﬂ%ﬁhgnseérg introduced to
Causeéﬁ%ﬁﬁ@@‘&f%@@l%&%ﬁnﬂ?&i%@e&ﬁ?& BsergsiteHeihtained. If needed,

this gémmunelegy (h894) %ﬂpr&ﬁﬁﬁd&ﬁﬂ%ﬂfm%t%aﬂmliﬁé Hfda%%]hrﬁ can be obtained
ted tq, t
o SRS e U i

recomginapt gpibpdisg) PM-1 (Hirata, Y. et al., J. Immunol. (1989) 143,
29&@&&%&x&h&lﬁé§o¥ﬂ;ﬂ@@é&ﬁmﬁ@%A%Kﬁéﬁé&d&@&ﬁﬂ%%@ih%ﬁt@ﬂ&l J. Biol.

Cherm; an%%?%? pref(yy 9‘?%1110%2%7{? ohﬁkﬂlﬁﬁ |es a%alhs?ﬁ? kiF?uma 8/18648’ and WO

96/17 Weceptor while the MR16-1 antibody is an example of preferred

morgcionakenihadiasiabpipsiitie R pusedls fhieeepinis gmwanﬂae the amino
i SR A e o, B D 2B RS n o
binding beinagmtls; M@Méﬁ@@&fed%hﬁﬁ@é@sml}@mmten to 80,
preferé@ﬁjb.ﬂﬁ’i@%m%éggpf@fe@aﬁ@%thﬁ ﬂﬂIMﬁﬁ@lﬁaﬁé@ed in

4162]1i In ano her ferre emb nt anti- ILt6 recegﬁo

25an%‘ diesSh O’ij%afﬁ 8“%?1 rse%ac?gnu e“% %CE %?eé" g‘{%ﬁa  EESHH SR By
methodsatﬁmaﬁmpﬂ@mmeanﬁn@ugee(m@gn@hmgmmmnde sgpbesficaithods, by
specﬂ‘?@”ﬂﬁﬂ%@ $20t18R 183G andibadiasinelyea, s@lﬂﬁ@f@e@ﬁﬁﬂ@ﬁﬂ%ﬁw Hiedinding
betwe t% rglbo S 4l\é|64tJP -A (Kokai) Hej . 3- 2198% gi 2H4 Unlg ;

Staré én SRR RED B LRFBUBEY P! pigpequence o
the spgF 1198080 The IL-6 variants used in the present |nvent|on are

sulstanGRs M Iﬁgtlaﬁ Ackivit:Qfibindingtp egﬁdh@&%cga{%@&&’gme&lhg%emds a

not transmlt %%]éjglcal activ e IL-6 variants compete wit

DNA ity. That is r& BJ
HUST RS BT BB T ARG S OMCaY et then the
peptldamdnlb@subtmdcdlb:ﬁamamg@hfs@nmmansnhadtmathods forTexpidsongapisntscing, and

pmfygfgrg&wgglpxﬂﬂg&ggging mutation(s) by substituting amino acid

dues in the amjpo_acid sequence of IL-6. The origin of IL-6 used as
OPERIREE %1 6 receptor partial peptide by using peptide synthesis methods,

generatlr;}? used peptide synthesis methods, for example, solid phase synthesis methods or liquid
phase synthesis methods, may be used.

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, Hirokawa Shoten)”.  As a solid phase synthesis method, for example,
the following method can be employed: 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 is elongated by alternately repeating (1) the reaction of condensing amino acids,

whose a-amino groups and branch chain functional groups are protected with appropriate
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variants is not limited, but is preferably human IL-6, considering

antigenicity and such. 16 More specifically, amino acid substitutions

are performed by predicting the secor:fﬁry structure of the IL-6 amino acid

sequence using known molecular modeling programs (e.g., WHATIF;

Vriend et al., J. Mol. Graphics (1990) 8, 52-56), and further assessing the

influence of the substituted amino acid residue(s) on the whole molecule.

After determining the appropriate.5 amino acid residue to be substituted, .
Proteq i BSHRS peRfof hietMs e iRl Sarnal Aiger BOR: ARG A Mdiestiga of removing
the preegtiance@pedeing theuamaimdl sfogenef ascar¢eimblaiad andrm atddiomspaieides.
Solid {HERULERHAO GAHER AR AN BIPUASIHRN th ARG BHERANSR ACPRIOOmethod,

L-6 variants are gbtained. If needed, this gene is inserted into an
dependiis OB RE WG PESEFF TRE FPURS R IL-6 variant can be obtained by
applyiagsthehatirem e piioradofiethads fonlexpredsiencgionuciainnang: carried out,

fication.of 10re . tibadies. . .
then O A R, For B PR RS P popride
strandy foglay egoilaerids osHifivs ermethentsuionia goi) g sensallyesed pothe Boc
methcﬂl@m&\a@ QGM%&Z@G& the Fmo&rh&ﬂl%eﬁ.reﬂjﬁlﬂ:ﬁ@ Herrtiihentidesxataple, the
abovepr%eit{ 165 Eﬁ]%%?(igé?églfg Bgétrggig lilsq];e%]t%m@l%gf%mgnsﬁ% iﬂ’:clgi %et%?esence of
. region o t L- _re ‘eBtor amino acid sequenc th tI_S Involved In the i

anisolgindifybehnasatie L rwerrEcd by ressyise badnqbepiitesr iR cleaving the
peptideoifpiise aperB0, Pyaiesablyr 2 datk(.c0aeadd piptatelyaddige4R M n be
obtain%gl.d r]gxs{gg %sn'mc mg#g%l IT)-1‘16 tﬁ%coetﬁt? l’k(ljgr%; I%é) &8 t{‘gfesctg:grp rbgc 15%da%%et e reaction to

accor |n_g 10 generally Known metnods, 10r exa p_e, gene .IC englneerln_g .
cleavagehnrpiids sirpebiiae: sya ey raetsderbyredpedifinging aagidwdpimilar to
those HedhbEdaBepéoramamaeid sequence that is involved in the binding

between the IL:6 and IL-6 receptor, and using a pogtiqn or entitet .

ORGSR e SR AR DR RIS o Fruson
may beepeiesmedrid paptideunsing Gnaticérgyheerngenemods, salpmasystem, which is
generABAHRACR LPRACINGIhE desiied Peptideis o e HEbING A PBIANLF the

g St 10 25pepide con be obianed b gopiing (e, i,

obtaingd C A AMAOHARUTRIHE F5¢ ex%reg Ay BrsatARg and BhrRiHged pep
fractiamscany bianntiedbyouidesular walbirepadisiftcivig mast sperstep tnalysitiadmino acid
compRERUEe-RYMEINGReptcA syqibesiameriods: armerally used peptide

syitge is ﬁ%%gds, for example, solid tphase nthesis methods or liquid .

B8 U S oS Rss b SR SRR RGN, TP RS AL Ly asion.
Hereitpe'myumtiesizsthat cefiirtg tonhdemétietdrdmsribanl igro@tntinueitiertisfues by cancer

cells FPEMRIPRPAN AN barmasRUHRASmIRladd &ﬁﬂﬁ@e{igﬁ@m@s?ﬁ&ﬂbn ﬁdestructive
Japanese) (ed. Harualci Yajima, 195%;fé Hirokawa Shoten)". As a solid

grow R or e S R S P O el SRl FOTORR AT SR o iy e ural invasion by
cancerrnppoy e hirecansina eltic corrasp enpimestodhbd@:termo pastiof kel ipaptithe on the

type of@:REYARSIZeFhis AaLRG IR 38 WPRA AR ity g iR cer, stomach
solvents, then the 35peptide strand is elongated b}/uggternately rﬁ)peatlng

cancereﬁrméa?&ﬁgﬁa&ﬁr ‘i?&?d’é‘ﬁ%‘fﬁ]@ Cancer %fé?e? cancer, cancer, colon cancer, and

ovarian cancer. However, it is preferable to suppress invasion of pancreatic cancer cells. It is
possible to suppress neural invasion in either the central or peripheral direction. However, it is
preferable to suppress neural invasion in the central direction (for example, neural invasion from
a nerve damage site to the central side) because pancreatic cancer cells tend to invade nerves in
the central direction.

Herein, “suppression of neural invasion” refers to suppression of the occurrence of
neural invasion, reduction of the incidence of neural invasion, reduction of the distance of neural
invasion, retardation of the rate of neural invasion, or the like.

Various symptoms associated with neural invasion (for example, pain such as cancer
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whose a-amino groups and branch chain functional groups are protected
with appropriate 17 protecting groups, one at a time in a C- to N-terminal
direction; and (2) the reaction of remoying the protecting groups from the
a-amino groups of the resin-bound amino acids or peptides. Solid phase
peptide synthesis is broadly classified into the Boc method and the Fmoc
method, depending on the type of protecting groups used. SAfter
. synthesizing a protein of interest as above, deprotection reactions are '
pain, gREReY BUPARBAYHRY pephtBassa st iR sadrumarastiipercandictkigated or
suppreteaVageugaetsngidhaliaplidersitang shyUredenbivarideterpresent invention.
Thus,ﬁé%%z%@ﬁ?%@%‘@%ﬁlgﬁgﬁﬁg § E%efra}l l%e%%%% é?élté%%ﬁ%% ngj\?%rhﬁ%s %{}r%ptoms

is generally use e Fm&c method: or

associAIB, RAE ABBRIATRTIFR 4 PTETeRel Beftialirish is treated with
hydregerdpedisteastheforeaanratd doraisofeht heseienveptide dsn be used in the
tream{gﬁo%%g brgvreeqlor\l/in %rll}emggatcegtingﬂgroups and cleaving the peptide
romits s porE EQy freBe: rying the recovered peptide, a crude peptide
caflpiiBbtapEment Homeselinsaeer oislais ethenriessinited besteleparent of
pancrég@€tigncandethe fisacHaRthelgave BppeRtdec-sthans. foppihgisHRIGKe growth of
can be erforiweqfl@ TEA utsin a method similar to tho§e d%scribfed .
panercgfis, g oS Shetnkads; L RRncrealis At Hsties apehoraTon el papgeic cancer
sympigoitiserbycapplyt paarieaiEatien meipshesisesfolrmédaunder optimum
conyidiescusiiIR MiAlEHRCRIONT 1R SRIYAkaY SienHWNIGH 80K for example,
. sed onﬁrcﬁe}ﬁ)ﬁu{rific tion. The fractions corresp din%to tgeaﬁeaks of hod
using 12 Shiinedt Shtomatogtapiie prafia Ae eairttled dRY FrebIaSdHeg S ik methods
are noplirifiead eprtitde frabrioat vre ddéhtfisthibytensladalabiiegght srgiysisividuction can
be evdﬁﬁ%ﬁﬁ%mﬁhm%ﬂﬁmm @g&iﬁeggwnggﬁpadafe%w&im?&acid
eguence analyslis, or suc . -0 IN oIS e presen .
16T AR S T el St A SN e P gt T lymphom
cell lingvaEormt idférsiepeadnudebiioeMiVEEBREX digt thetfHrieniditisspegdly the
IL_ﬁ-@eﬁ@ééﬁea&lQ;sqﬁe%dgdyfep% %&@eﬁ]@@&h@%ﬁt@qﬁ'hmﬁccgna%@i@t&ly, IL-6
ISsue aesiructio Structiv: rQw o . e presentinventon,
recep TG R A AR AL A GBS by PR AL Saiitorare added
to the Wiltere chtesaet fimvesiod fsesupiirkdeba] thefdismbtpainti Ui tmitationxpressing
cells iORHRIHRE OTIAIGRTGANERhe THE SARMBRLIAY RS PhARY RS IRTIHEING) that does

pancreatic cancer, stomach cancer, prostatic cancer, head and neck .
not cof AR HrénGlCaH et T Rk o é&ﬁﬁ@?ﬁ%@%ﬁ%ﬂﬁ%?@ﬁ activity of
the IL{&dmiébﬁqritdsirphiéie thbfecsn be ppaé@dd@sipmp&rﬁwdreaﬁul@aaﬁb_o@mdps.

IS REGRIDIE IPrRURRIER SO RlIMVASIRR IR Rithes e fRAlARL %@&%@Bﬁ‘%‘i@'presem

direction. However, it is 30preferable to suppress neural invasion in the

InventiQih s TRBERI (e BaRmIRALH &5 BISERARIS M WBASA nerve damage site to
th&berteabisidal becapsespacigatis chticgrresdts ienehtimimnvades e dtered as

pharmiG GeATRL G Ge! adminiy&@i@ﬁ%&fﬁﬁ%@ﬁﬁ&ﬁ&&ﬁf%@'ﬂ%iﬁ%gﬁ?éﬂls

. to suppression of the occurrence ¢f neural ihvasion, feduction of
adminjyfepiioRce EPHBXFRPISYHYNERE B SR AR Bfrions) intramuscular
injectiBhinimasipesi retaatiatjertiohthaitetemboevigkittiasionppodherlise eManayoral enteric

tablets?aﬂg?le%?fpk% &y %%'%Fe%t‘é’dth 'A%H%ﬂﬂh’%%ﬁm@%%%ﬁ‘Ha'?thBﬁé”cEH %@ Sected
depending on a patient’s age and symptoms. The effective dose per administration is selected
from the range of 0.01 to 100 mg/kg body weight.  Alternatively, the dose may be selected from
the range of 1 to 1000 mg/patient, preferably from the range of 5 to 50 mg/patient. A preferred
dose and administration method are as follows: For example, when an anti-TL-6 receptor
antibody is used, the effective dose is an amount such that free antibody is present in the blood.
Specifically, a dose of 0.5 to 40 mg/kg body weight/month (four weeks), preferably 1 to 20

mg/kg body weight/month is administered via an intravenous injection such as a drip infusion,
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18 pain, anemia, impairment of performance status (PS), and

undemutrition) can be treated or suppressed by suppressing neural

invasion using an IL-6 inhibitor of the rgsent invention. Thus, the present

invention also includes agents for treating or suppressing various

symptoms associated with neural invasion, which comprise an IL-6

inhibitor. 5The therapeutic agents for pancreatic cancer of the present

invention can be used in the treatment and/or prevention of pancreatic
subcyingoys injeciintt o suchs AR IR SYSHHAHRARE CapRtbr (ve fETBIGUppre SRRk, once a
weekpbtise dlevelopmestiocf pamore atiergdocewadductitie afithinineitenceleiiule may be
adj usm,eﬁ%%ﬁﬁ%;’@%Mﬁ@%ﬂ@aﬂiﬁbﬁsﬂ%‘?ﬂﬁﬁig{eﬂ% CERELANREE %?lé)s%ce a week to

shrinkage of pancreatic cancer tissues, amelioration of pancreatic cancer
OnCe T RBTORTS S SUPRIR SN BFFNErsatRe CRRE &M PEiRsiagReksy THlfraonitoring the
condifihe effidetpanfeti-Gihbibiiges instd tiddhetpresaintinvention can be
as ' jvi inhibiting the signaling. as an
SERS Aty {BLEXANBIR Hﬁ&“&gﬁe 1t éé%%g&;f%ﬁénrﬁ'ﬁgemsigv

N r!{'tz mzpﬁcontain

indicator. However, the assessment imited thereto. The
PharRGRAHF B RIS SRR T Th RS i AY RFFSaTgiet apd aiabibeetsn bBharmaceutically
accepéatdtuatettbyrefonyent onabrigthadsnSreaificalyietbd6ris aa8attio CUWHH 8% above
agent?.f 15 IL-6-dependent human myeloma cell lines (S6B45 and KPMM2),

human Lennert T lymphoma cell line KT3, or IL-6-dependent cell line

MHBE Beimsmacrytkalberspinhln eoaistins ipluds. (opedamaiistrdelasr,
physiolegisuleglieiRelpileaencadbamt, thinhibitessAigivaiiv@iertlers, chelating agents

EDTQ@&&E’E [IEXRLE in U?66 cells are cultured, and 125I-labeled IL-6 and an
( 1L-6 in%@)f(or are%%&%d to the culture at the same time; and then

1257 heoaresent ipvBtion grteraqnicneleptarnigrissittyeouscand typical examples
of sudiachifirGoliadoition d@i@%tﬁrs@%@ﬁi@ﬁ%rﬁﬁﬁ%ﬁg@n@@%Yﬁé}@H?Bﬂﬁr%o1aurate,
0es not contain an IL=6 inhibitor. is jnclu in the assay system .
and S e e S T oS BRAo ebpdoe, fycerin
monogiyxisiate gl et reapamrepascredaltecdY Ynehrirdaits acid cSesjseth to Becaglyceryl
monoS@ANINS tied MithiNg haraRe e AicaHRRESPFINERURPIS A, tﬁ@}ﬁf)@?ﬁﬂ&lene sorbitan
fatty NG er:]sttlf(:)rrs] &8 r%wggqs'.el-}bﬁegg n&r atlls %{8 rIefer%bI Tuma%%.ylfS eggrbitan
Therapedtic or SUppressing agants of fhe Brad BRI ERLEH LA
monogigaifn ReErety s pliarhedeicanastaiirtayrody asynthidemesbsyistemioatipalmitate,
polyoRydasadye\WarbiaharipRERBIeRA RAPIISIRION fREeNPMRIG: REFERPOMR thylene
sorbit Bl ctéglndsessyecg Sasdggéo |(r)1{us_|on53 |{ét£amu§:;§ular mgéectlons, m%lal%%erltoneal bi
iHjECtons. SUbCUtanSo0S Thectons & TPPBL EFEL AL e AP YRAPaiRiyicne sorbit
tetraoleiitete lopxvetlikeeaalecsol&stadeipptopriath adpuhistratibpl enetaiydsryl
mono§BRAE; $RIBCIRFISAEREAOMEG 8 PAHANGR RIS ML BUTIRORI ol [istearate:
Ivo ff]é?ﬁtllv%edolie peeﬁ ac mlr}[ﬁtrgtlinols.s%%cted fro t%a@rfant%e 0f0.01 to 100
Poly o By BiScy WL TR aTtiSh AR O THE oSBT & Bele BRlacrrariirlgnc
POiyoxmﬂﬁnet@hﬂmhwgmaﬁmﬁpplﬁeyamylmmn@xapgg)yifeﬁetg}ﬁeol,
polyoRelRAtga b BISIRUSH dRSGaNd adm) %rﬁgﬂﬂ@am&@rﬁo%% lene cetyl
h _For example, when ant-llq-} receptor antibody is used, the effect
cther; pobie AT G A RO LT e &?ﬁgow?gf%@éﬁhwwiaéw ether;
polyo:gE8pdeifidiiyicacdasetof 05 sockGsmykyhatlyiveigttimonthafdpolyesishylene
hardefefgtahiyil (&%%%%ﬁ%%\%%%@%ﬁk& %ﬂﬁ? ﬁgﬁgﬁ{ﬁeﬁg beeswax

intravenous |n!ectlon such as a drip infusion, 19 subcutaneous Injection or

derivagER St e RPSEIAMIIRS WbARS EreRaRipRY i alaedin étwives such as
polyoxyetiyloncemlerysmigpulgekgethylene dagtyeryidomidieeks] Jed with an HLB of six to
8, su&gég?ﬂéﬁ &EWM&%&Q%@%%QS“ by, for example, extending the

administration interval of twice a week or once a week to once every two
weRETERER AR RS @ HRRR LI BFE. 06y Risl frsrdeqmfignch include, for
examphepaikgiindfite beanditinaleltheopatieitt andehanggsintbambleashtestodium

cetylsM?A‘t&?%odium laurylsulfate, and sodium oleylsulfate; polyoxyethylene alkyl ether sulfates
in which the alkyl group has ten to 18 carbon atoms and the average molar number of added
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The therapeutic agents and suppressing agents of the present invention

may contain pharmaceutically acceptable carriers such as preservatives

and stabilizers. "Pharmaceutically acc%)table carrier" refers to a material

that can be administered in combination with the above agents. 10Such

pharmaceutically acceptable materials include, for example, sterile water,

physiological saline, stabilizers, excipients, buffers, preservatives,

detergents, chelating agents (EDTA and such), and binders. In the
cthyleneggiste #ﬁ/%mién§la%téﬁg@ﬁt§qh2ﬂlﬂ@<ﬁ@hmﬁ% lgurslgulpte;ailyifasuccinate ester

salts Rxanpreskisuesuneliieishihian fathoacid@sieis5usRaABSRIRIAN sulfosuccinate
almit '

.mon late, sorbitan monglayrate, 15and sorbitan mono tate, .
st 0 S St

such g5 sRbERTBISIEapeigIye®sn fHbnestbesists Ipothephdbriferhigcididastdisto 18
carbogugbn@as decaglyceryl monostearate, decaglyceryl distearate, and

decaglyceryl monolingleate; polyoxyethylene sorbitan fatty acid esters

S R e LA K AT AR o e HIEe B o e
agentpidribolzgsenpioyentiathyIBete sk hrnathorsiiarhtzs usedjoxhe tiglearations of the
preseSORRIAT SAARARANHIREx FARPINBYSIAR TRBOLBI AR 141Q]RaLS, A lysorbates 20, 40,

oxyethylene sorhjtan, tristearate; polyoxyethylene sorbit fatty acid
60, e e o e e e TR S
polyosssirranEzce] potpharhitsnnal(Rarontaty 61 ded texh such dso preferred.
polYﬁ&éﬁ{BMfﬁ%? &[Yé%?‘lﬂt'ﬁlﬁié@l 5@@1?5@?@;}99&%@%}'?@1% @?g?lff@éf&i I.glgﬁed. When
esters.suc S poO ene GOl distearate, polyoxye ne a ethers
polys Gt A So s AN AR B LA il s of 0.001 00 g,
preferablyoly dixy progy idrieldkyd stherg wlichas poffroxlybtiyreange of 0.005 to 2 mg/ml.

Poly 9y REeRYIERS cHyeal, MAtvRXYRINYIERR RN UHORY IR IR PLRYL SIN8! malic acid,
olyoxyethylene alkyl

.and.polyoxyethylene polyoxypropylene cetyl ether;
artariGacil SHERANE hch B oo iRy RHE RSB S, A capric act
deoxypbhloxyeth pid ny andeh doetastolaoilses dichascpolidy aydtwiens castarcods; and
carboRRANAYONYEIIMEHERhardRner casian olLiPlMaxysihyleRe hydrogenated

castor 0jl); polyoxyethylene heeswax 30 derivatives such as.
pOméW@ﬁ@t@m%@%%ﬁ%%%@fﬁ%%gé%ﬁﬁ%%”cﬂ)@é’%@*ﬁ@fs

knowmsnpblyfixieofiYieuiel laeptirgtians paljiodydihytenedattytiacits amidesnd the range of
1 to SBYSENIR R0 BB P HRDL AR S rSUe B8 &M%x%%gﬁasﬁﬁm}@%ﬂ@%@hﬁy t0 20

Detergents also include anionic detergents, and typical examples of'suc
mM. include, for  example, alkylsulfates having an alkyl group with ten to 18
caffleragtam s shicprasesotiventBbcentsiifatensediv mihet iylsulfalesdndweight
polyp%ﬂ%@%ﬁtﬁ&ﬁy ale Rovaryalbishe Ao he! SRR IBAICLIR AU, sugars

roup has ten to 18 carbon atoms and the average molar number o
and capoplroGeirsherd slisre dbarigsyandpnesagdisridpoRisarelrohote mduch.
sulFhte;j | kylisu fokicticlat: datér satiohaidsgfancatalbyoupinith ejghtlistidine,
xarb i f i : |
and or}lﬂlﬁ%, diqg}‘%%ﬁy %\etgl%i%%% %’5@&%0@%%%%%@1?@%%%}anﬁ%asa}ts, and

detergents, for éxam hin; glycero P _ ) _
phosp%‘ﬁiﬁ@&am&fﬂﬁmwéﬁéina%%bo rfybﬁﬁ;féﬁwguepo@édraw gegd, the pH is
adjustedters prefdnict thinéity-adidg hepe it 8 Searbenl Blatsptable D in®
[ e £ ribed.aboyve canbe.combined and added to .

w00 SR B e SO L .
Sulﬁl%éoﬁge%fﬁ&tmé@%@m%émmﬁﬂ erele pENGKyersErveusp Biphosphate is
particliBdily itk G616 SesMalt apel§0iRates]2Gedts-BPicantBAcROlYSRERHES is

.20 and.80 are particularly preferred., Polyoxyethylene 10polyoxypropylene
P P B s S Ll o R ch
malic perkelgderic acid, citric acid, suceinic acid, and fumaric acid, or do not contain

corresponding anions (malate ion, tartrate ion, citrate ion, succinate ion, fumarate ion, and such).
Preferred amino acids are arginine, lysine, histidine, and ornithine.  Acidic amino acids can also

be used, for example, glutamic acid and aspartic acid, and salts thereof (preferably sodium salts);
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The amount of detergent added varies depending on the type of detergent
used. When polysorbate 20 or 80 is used, the amount is in general in the
range of 0.001 to 100 mg/ml, preferably in the range of 0.003 to 50 mg/ml,
more preferably in the range of 0.005 to 2 mg/ml In the present invention,
buffers include phosphate, citrate buffer, acetic acid, malic acid, 15tartaric
acid, succinic acid, lactic acid, potassium phosphate, &iconic acid, capric

acid, deoxycholic acid, salicylic acid, triethanolamine, fumaric acid, and
neutrg ARG 351 S E3LRRIE RN SdRRBRR YRE b RER R SRR BUSINS,

methlaﬁﬂlmugimﬁie bﬂ‘ﬁf afanine; kiglisopiepasaiinosiciiy fe denmplatetdaylalanine,
tymﬂggss%% %&1@%&@  buffa Isr)%%gmﬁn in the field of liquid

préparations.’The r concéntration is eneral in the range of 201 to

S0GTRRIpTegEmEN ruthehsdngescushgsipdsavchaidesretarapreandmides include,

for exeangle, deido, 20000, fructddeeiagenis aidbe piasantinkaidien shayR|seehalose,
and raci?%%nse other low-molecular-weight polypeptides; proteins such as
serum albumin, gelatin, and immunoglobulin; amino acids; sugars and

carlﬂmraﬂéér abﬁtﬂ%é@m@é@éﬁam@éﬁhéﬂhé@ds@gﬁml
alophelsitrngaushs 2o awin anngiacids m@b@@dhﬁ.%ﬁﬁﬁﬁ@@cﬁﬁtﬂﬁlsf%r injection,

Xam Ie a nine, lysi histidine mithine,.and in anl salts
the ag{?}ngsse a mé% é}é? s%%ﬁé Fa FW%TBC%%% %Eé?lfé hgﬁ osp% CRLIS ?unon

contwm@me@wmba&mw@hm&mm@mm@ m@pﬁpl and
sodiut§ ﬁﬂ&%ﬂg}i Lw??@aqt@ﬁ@ﬁsﬁmu@mmf E%ﬁﬂﬁ?@&ﬁﬁ%ﬁlﬁ%ﬁigﬂﬁi priate
cceptable bufterin ta S re 1ds
solub s e AR L (hrata i A BOSAIRe B OB SHe Blieels PEG
and Slmhdl, Ui ﬁﬂ@-&éﬁl@? defergeats (helesofbriaiSi wukHGheS03e of phosphate is
pam@éﬁt@%@mﬁ@ﬁs@%ﬁéé qwr%a%tf gipRladresweidriad RIOdURISers,
hi Ph os%ﬁate articularl gant ﬂg when )g iig%aratlo 0 not
soothigg Aot R LG R D g & AR 28 e ttte acid, citric
acidgsuncihicsaldia; mmﬁfumr@amdg egmsnncbdmém exrmagponatimgunds
compRaiQN ﬁl(rflﬁ é@?hﬁ@rdﬁﬁiﬁ oM. 59&?51%%{&11%1(?@151@%8’19&% e '@%bctlc acid,
erre 0 acids._are nin ne stjaine, an
fhmdigll%‘iﬂjﬁ% T B e e e SIS S o ereot
sodiuranbiespéatic autdﬂmnt,sa@tiheatﬂmh@mﬁa@lﬂy\smgi o sadtskn 2arhentitaims.
aIRR-B6 I SHOLAXAMRIRS 'ﬁp!ﬁydgila@edﬁwmlalxﬁmﬁdé%f‘exan{ﬁ@né?&hmbm acid,

allne m fj;f@onlne C stelne an lanine; and aromatic amino acid
dibutylydroy ¢ H?AQP%}P{ 2oy Shiso Fymmb%dtﬂgogsmﬁ&sw Jcéﬁyprbw acid
and saltypbephenl-ascorbie peid, isugstesea hdasestnbpdidtesasatehsadium hydrogen sulfite,

sod1u£%lﬁ%ﬁ§%%ﬂ%@%§ﬂ‘£é‘}%8§ﬁgﬁ'ﬁﬁgdﬁﬁi'B@Pﬁﬁﬁ@é&é%ﬂ'&s &%H&?n

Iuc;ose fructose, lactose, xyfose, mannose, maltose, sucrose, trehalose,
ethylegﬁqiwﬁégtéaacefate (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.,
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., ]. 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 ef al., Biopolymers 1983, 22: 547-556; and EP

133,988).
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 neural invasion in a subject
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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, the agemts may be mixed with, for

example, physiological saline, and/or isotonic solution 10containing

glucose or other auxiliary agents (such as D-sorbitol, D-mannose,

D-mannitol, and sodium chloride). The aqueous solutions may be used in

ompbination, with appropriate S%ubilizin agenis such as alcohols (ethanol

who B S e CBror e b1 RS AP SPRGAGESering 2n
IL-6 wéibtyenestiipsherbate 80 and HCO-50). The agents may further

COMPESRedtReAHER oA ﬁ%ﬂ@a&%l&pﬂﬁﬁf&imﬂﬁﬁﬁﬁg ﬁn&é?%?éb&ging pancreatic

an

agentsﬂ sulfur-containing,redycing agents, antioxidants, and such. .
cancep 8 i G ORI G F A CC O XL BARETEE, SamSFalBRE comprise the step
of adwomgbeimgsrcBrpmsibiteuifthdryligeoups, such as N-acetylcysteine,
N-aesiihamosysieie dhiaclicRcish thind) log g, ini

... thjoglycerol, thiosBOrbitSI, thiogchoﬁg%mgn%cg%%%%r%%g?%&% be:' administered
with g hSTREHAC G ASRRTS A AR OalRA RBRECHL I PR ORS o &wVERS include
animalafborcasoms:, 20Marcdveesthesantiakigerits, iarbe/jdesdntiRyeation not
pmicmgﬂﬁdgﬁg&gxample, erythorbic acid, dibutylhydroxy toluene, butylhydroxy

anif le, a-tocopherol, tocopherol acetate, L-ascorbic acid and salts
the f,‘E@Q&%Pﬂ?&%‘/cm%urﬂ??é?é?tﬂyd%%@%%ﬁéﬁﬁa@%ieﬁhpmculaﬂy
limitedyitleoggen sulfite, sodium sulfite, triamyl gallate, propyl gallate, and

chelefing agepifisenoas dspdinamnepsdianne igliaceiae (OIA)

. sodium p’yrophoslll%)ha%g, an soéﬁ]arfﬁ meta%%%s%@tgé%%s%éﬁqpédﬁ%ﬁ _
adminiyefaniasiyes febpmpisaatmTBRApR Al ThigsBapsiHels erl agents include,
for exhygiiexyrasthydceihitise, elatincpebiinedivtioathasnlicoasidharseysins s,

pr%&ﬁ%ﬁ? Hﬁﬁi%%‘a%ﬂf&&ﬂﬁ%éyﬁ‘%?m%l@!%%?n%@?&%%‘f‘lrgﬂzﬁ ctionﬁ Such

. ,mlcr_ozi)heres, microemulsion, naho-particles; nano-capsules, ard such)
InjectinsPREtingisTCIariibedanear saisriens o amuenlapss Eons 980,
intraperiibel e} tiourthatsaarehitecthodsdas EFQE@H{%@GEBE.ll@pr?sem invention can be

hi ined-rel re 30also known,.and are applicable tp the . .
e S ey S ) BN AL B RS T bodies
using geyye sherapyiglpiqsem. Albgnativgy, the agentsorf thieSrezansineotion may be
adminBféral & Furopeadddatent Applisation NE(ER)5148h Sidman slak,

. Bi : 547-556; and EP 133,988). Pharmaceutically .
cimink QRS AR S LB B iy RS et o
DNAsgsedinppertienel drecpiesiiaavgagending on the type of dosage form,

butiarennohliied tiierelesdenpeasentivwentiontelaes tarpethogdiieht invention
may b3 ARRTERLE S %Iolrr‘{]i\é%scl) ) i) gn%%}g %(t:ltca%%omposition, together with at least one
other agent (for example, other neural invasion-suppressing agents and other therapeutic agents
for pancreatic cancer). In an embodiment, the agents of the present invention and other agents
may be administered substantially simultaneously.

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

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

Examples, but it is not to be construed as being limited thereto.  Various alterations and
modifications can be made by those skilled in the art.  Such alterations and modifications are

also included in the present invention.

<Materials and methods>
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who has developed or can develop neural invasion, which comprise the

step of administering an IL-6 inhibitor to the subject. The present

invention also relates to methods for tr?ating and/or preventing pancreatic

cancer in a subject who has developed or can develop pancreatic cancer,

which comprise the step 50f administering an IL-6 inhibitor to the subject.

Herein, the "subject" refers to the organisms or organism body parts to be

administered with a therapeutic or suppressing agent of the present
Cellsinyention. The organisms include animals (for example, human, domestic

an|ﬁfajmpiaatefsBaﬁdlmId;ian]nmkﬂ)xbuﬁmpezmmammﬂaflyemmﬁﬁd AErth@irchased

" pret
from "%ﬁa’%%%ﬁ“ b i eACh psgended

eHfte ]édFﬁfﬁ@ﬁl&%FSﬂ 2o APETHERAISEAEGR IREHRI, sapablanfraintaining a

tempadmmsttmi’ommﬁefé%g@}ts Such oral agents include, for example,
granules powders tablets, capsules solutions emulsions, and

fRjections. Such injections mclude for example

su t@mmmwsm@w@ fignindigifesisoidanibje Sin svapddoHivRRINIAReIpan blue and a
iqn. Meanwhile, the effects of the methods of the present invention
hemo%?é
can be achleved by introducing genes comprising oligonucleotides to be
administered to living bodies using gene therapy techniques. Alternatively,
Chenithgx@ggsnis,of the present invention may be 20administered locally to
int d areas of tr I exam le, the agent n be ad inistered
2§F|nﬂ'érctlon dE ?q%tgs?ugr]tﬁcérihﬁglell T B igﬁg%&gﬁlé ace were inserted

into 2€4éwé?y oﬂ@mlé @hieseingepe pidascdstverpussdrisinppsntionl lower\Wiagrbers,
respedi@énod Hﬂﬂ@:ﬁ@ﬁﬁxﬁﬁlﬁﬁfﬁ MO (s OaaTiochaubs aRAGBLALHS Brasent and 100

inventjo adm|n| d as a ortlo of a rmace
el B A e ey
vehiclpg e :hddaé|tﬂﬂmjm‘@s@mglhqentsiaﬁdibdﬁerq¢ibﬁammma@mé #dcells/ml) was
addedRBMEEQMRCanEkrdN anRIDOdiNANt theudaghts Aihgpreseel @N&ﬁ%&?&e pores
and 0H1er ents may be ad tered sybsta tlaIIy simultane [A\
were Qe O L S BRSPS D BSHRe e Sl ggunt was
dividerbterdroe3azE rumiptesf cells Herpisbeldovotigh the pentsinyvéntipmlVitibé.  The

resuitlggqgﬁﬁalgéjp@gg@sed,é/yétpeggfgggnce to the Examples, but it is not to be
construed as being limited thereto. Various alterations and modifications

can be made by those skilled in the art. Such alterations and modifications
dfeealiag isehyded in the present invention. 35 <Materials and methods>

231GRllST a celt suspension (3 x 10° cells/ml) was added to each of 24 wells, and incubated
for 24 hours. Then, the medium was replaced with serum-free medium. After 24 hours of

incubation, a strip-shaped cell-free area was produced by scraping the central area of the well
with a glass rod.  After measuring the width of the strip, the medium was replaced with an
hrlL6 vehicle at 0, 1, 10, or 100 ng/ml.  After 24 hours of incubation, changes in the width of
the cell-free area were determined.  This assay was carried out twelve times for each group.
The determined values were divided by the average width change at 0 ng/ml hrIL6. The

resulting normalized values were recorded.

Antibody

Western blotting was carried out using the following primary antibodies:
anti-phosphorylated STAT3 antibody (Santa Cruz), anti-STAT3 antibody (Santa Cruz),
anti-phosphorylated Erk1/2 antibody (Cell Signaling), anti-Erk1/2 antibody (Cell Signaling),
anti-phosphorylated Akt antibody (Cell Signaling), anti-Akt antibody (Cell Signaling), and
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Capan-1 and BxPC-3, which are human pancreatic cancer cell lines, were
purchased from the American Type Culture Collection (ATCC). According
to the manual recommended by ATGL, the cells were cultured and
passaged using an incubator capable of maintaining a 5 temperature of
37C under 5% CO2. Determination of cell count Cells were harvested
from dishes, and viable cells were counted using trypan blue and a

. h t . 10 Chemotaxis assay Cell culture inserts (BD_Falcon)
anti-oGh %%%ﬁ@%?@s%?ﬁe T ST S BBt 7 DR gdhe

followwig cultoreyinsehsdarsd ansHS i@ retiisety 4B AB[ER)Y aniainivenehallb@sitibody (Santa
Cruz) eSResive Y RupamiecemRinantithPiRMR vekicer we reﬂ%ﬁﬁﬁs i0s was
1, 10, and 100 15ng/ml using hrlL6 (R&D systems) and Serum-free cultur
b erfo%é)iﬁﬁﬁ%%aﬂl' @W’@%@%&% Qﬁ?d’de@%tﬂ‘@}&her chambers.
100 ul of a cell suspension (2 x 106 cells/m1) was added to the upper
WestdrHHPGEs- After 24 hours of incubation, cells that passed through the
pores were counted. This assay was carried out twelve times for each
group! etesIVesURERAecdRIng & bydisebulierddR mihHerdst Nafii ikt 7.0), 0.5%
NP-4passediiyengh 16@ pdiasaat Olngvh EDTA ST T hev2Breasultingaersalize@Bcentration
j | of Il suspension
e s Ay L EReE, T A R he 20 me
of Pfqﬁﬁiﬂr‘éf.efler@ﬁ?tiﬁé fdivas tepIbtddtiisidariee Hhemtricingtapp4ransierred
onto dpnlss nfyAGineulidtiorida sisipkshapediteibiese ateptamRvoducediby tohthe
I | f H with a.glass . Aft easuring the
e e LA et SRR TR enee
Reagepp (Sreotiag/Biessi@ees hours of incubation, changes in the width of the

", 0 )
change at O g/t AMTLOTT y O
rectPHEEn ARG Was pevEstaed Biobeatkaisneataed Gt (esitag thénutes in 10 mM
citratefbﬁﬁf&iﬁgiﬁgimm&mieﬁm%wﬁm%ﬁé%ﬁfﬁgﬁ%@%%n(sﬁgﬁr weeks
ruz)..anti-SsTATJ antibody (Santa.Cruz), 35anti-phosphorylated Er. .
e A s g L S G e o 26 mice,
and usgdtppiraapisory| Sdbomesibotyqtalksihnaknt pl and puirdetouyd{GBHn area of
neural3igRGIHIYIhaRdmbers of cancer cells and phosphorylated STAT3-positive cancer cells

were counted in each visual field using a 40x objective lens. The labeling index was
determined according to the following formula:

{Number of phosphorylated STAT3-positive cancer cells] / [Number of cancer cells].

Neural invasion model

Six-week-old male mice with severe combined immune deficiency (SCID) were used.
The mice were anesthetized by administering barbital at 50 mg/kg into their peritoneal cavities.
After exposing the left sciatic nerves, 2.5 pl of a suspension of cancer cells (1.0 x 10* cells/pl)
was injected directly into the sciatic nerves using a microsyringe and 30-gauge needle. Upon
assessment, the sciatic nerves into which cancer cells were injected were isolated. When tissue
samples were prepared, the nerves were allowed to stand in 4% paraformaldehyde at 4°C for one
whole day and night to fix them. The fixed sciatic nerves were sliced into 3-pm sections, and
then immunostained or hematoxylin/eosin-stained to measure the distance of neural invasion.
Using an objective micrometer (Sankei Co.), the longitudinal length of the whole tumor was
measured in the longitudinally sliced thin sections of the nerves to determine the distance of

neural invasion. Tissue mRNA was extracted from tissue samples prepared by crushing with a



24 anti-actin antibody (Santa Cruz). Fluorescent immunostaining was
carried out using the following primary antibodies: anti-S100 antibody
(DAKO) and anti-mouse IL-6 antibody2(§anta Cruz). Nuclear staining was
performed using DRAQ5 (AXXORA) Immunostaining was perfoimed using
an anti-phosphorylated STAT3 antibody (Santa Cruz). 5 Western blotting
Cell lysates were prepared using a lysate buffer (20 mM Hepes-NaOH (pH
7.0), 0.5% NP-40, 15% Glycerol, 300 mM NaCl, 1 mM EDTA, 10 mivl
Muitinigads fhockenirag dcbatrandinmasdirerfrdusriireseAisnstin
Assay Kit (PIERCE). Then, cell lysates containing 20 mg 100f protein

gNA\gggfg %Iglg @pé%rl‘?ﬁ% i’&rYP%O or 12% acrylamide gels. The proteins were

transferred onto ﬁn yiidene difluoride membrane (Millipore). An
s ¢he

anfibong Wakzelddets oeiatraviel BA thaphstisseipressibnaliels harvested
from viskaljzedusing EshiencedBhemiyminassersgrRaacenh{ABEIshallRNA using an

ioseiences), k& unostaining -of.pho lated STAT3 and i )
mascAgRStEERl KNUBPSOIS LRI L AL A0 s i

accorgipgfin it maosd ferommandnhds taailircinate BetfetinsiRg #CR was carried out

using ISHGEEM ﬂé}k&et_ QP@&W@:?(@@@EM?B%@M mgéﬁgi@(_ﬁéﬁma’ﬁﬁ*d%.e_kql’ﬁﬁ?grs that
reparation ot.ne nvasion mo mice SCI rves were |

can s R iR i DA AEE TR -8 Fecepior

(ep13epritiapantr PEHBharaven ds-of mavarda(of. 2omeeist (ESIOh he meedberEhe

sequeBEGANOBE el andrpRpsRARIIRIed STAT3-positive cancer cells were
humaSH d in each visual field using a 40x objective lens. The labeling index

was déetermined according to the following formula: [Number of

forwapsh deptrdepaiet: STRAE33p (SR RAW0e A kalis] / [Number of cancer cells].
revers%%%g@gﬁ\é%gaggggg%edsmg Pxgeek-old male mice with severe
e

Humas2 ined immune deficiency (SCID) were used. The mice were
“hABsthetized by administering barbital at 50 mg/kg into their peritoneal
forwath\gtiegraafi@gexisasitajgrre( i SUBNON8)vesd2.5 j.x1 of a suspension of

revers@g&@@@g@ﬂ%@&{g&%&@gﬂ@é@ \{@N@jqut,ed directly into the sciatic nerves
h ugyg%cﬁr‘%]lcrosynnge and 30-gauge needle. Upon 30assessment, the
uman rves into which cancer cells were injected were isolated When

forwatib sivesamplegaigaspr ¢paRH) IN® nEnveslwere allowed to stand in 4%
reversBAIRiQUPRIAEde-aLAG e PnRWIKle day and night to fix them. The fixed

sgiafic nerves were sliced Into 3-1.tm sections, and then iminunostained or
MOUSGdfatoxylin/eosin-stained to measure the distance of neural invasion.

forwald singctinasbjmttiven prictteffter (Saltlc&H Camd, the longitudinal length of the
reversW%@ﬁé%@&EW@ﬁ%ﬁ@éWﬁfﬁ i@tﬂ@!%gitudinally sliced thin sections of
[

the nerves to determine the distance of heural invasion. Tissue MRNA
mousg fifayiracted from tissue samples prepared by crushing with a
forward, catcatggtggtggctgtetg (SEQ ID NO: 9); and

reverse, cacttecgettggeteatca (SEQ ID NO: 10);

mouse GAPDH:

forward, aaatggtgaaggteggtgtg (SEQ ID NO: 11); and

reverse, tgaaggggtegttgateg (SEQ ID NO: 12),

Quantitation was carried out by the method recommended by Takara Bio.

mRNA knockdown

mRNA expression knockdown was carried out using siRNAs produced by Ambion.
The following siRNAs were used: human IL6R siRNA, human gp130 siRNA, and Negative
Control #1 SiRNA. 2 x 10° cancer cells were plated in 3.5-cm dishes.  After 48 hours of
incubation, 20 pM of siRNA and 8 pl of DharmaFECT transfection reagent 4 (Dharmacon) were
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25 Multi-Beads Shocker (Yasui Kikai Co.) immediately after harvesting the
tissues. RNA extraction and real-time RT-PCR Using TRIzol (Life
Technologies), total RNA was isolated,from cell pellets harvested 5from
dishes, or crushed tissues. cDNA was synthesized from 1 x 103 ng of total
RNA using an ExScript Rl reagent Kit (Takara Bio) and Talcara PCR
Thermal Cycler Dice (Takara Bio) according to the manual recommended

Icata Bio, Inc, Real-time RT-PCR was carried out using Smart )
aded LT o R I LB B SR RTBERAP(raear i oy Dhrersssion
analysimectn sppeifitalyodthplifgucd MAidhenodaian IL-6¢c receptor (IL6R),

the human 1L-6P receptor 10 (gp130), human GAPDH, mouse IL-6,
., mouse EGF, or mouse GAPDH, were used. The sequences of the primers
E "below: human IL6R: forward, tgagctcagatategggctgaac (SEQ
ID Ni®: abipl psisl sefvrense peglogig GAIYAVAESG oty (BEQiR e Bltween average

- foru agiggg ID NO: 3);
TSI, o e S A ROB IR Wl

deviaiSRyard, gcaccgtcaaggetgagaac (SEQ ID NO: 5); and 20reverse,
atggtggtgaagacgecagt (SEQ ID NO: 6); mouse IL-6: forward,

[Exajﬁg@cﬂcacaagteggaggcna (SEQ ID NO: 7); and reverse,
gcaagtgcatcatcgttgttcatac (SEQ ID NO: 8); mouse EGF: 25forward, .
catt3tgBRT Gergresip Pt B-16oNesenionid b GRY apskl LcABiteegong rrd aan cells of

the hufS&(pdicN@icl@)icer lines was assessed by real-time RT-PCR. It is clearly
demonstrated that the human pancreatic cancer lines express IL6R mRNA (Fig. 1A) and gp130
mRNA (Fig. 1B).

Stat

{Example 2}

Using human recombinant IL-6, the effects of IL-6 on growth activity, chemotactic
activity, and migratory activity of the human pancreatic cancer cell lines were assessed by
monitoring the cell count over time (Figs. 2A and 2B), by chemotaxis assay (Fig. 2C), and by
wound healing assay (Fig. 2D}. It was demonstrated that I1.-6 enhances the chemotactic and
migratory activities of the pancreatic cancer cell Jines, while IL-6 has no effect on the cell

growth.

{Example 3] .

Using human recombinant IT.-6 (rhiL6), the effect of IL-6 on intracellular signaling of
the human pancreatic cancer Capan-1 cell line was assessed by Western blotting for
phosphorylated STAT3 (pSTAT3) (Fig. 3A), phosphorylated Erk1/2 (pErk1/2) (Fig. 3B), and
phosphorylated Akt (pAkt) (Fig. 3C).  The intracellular expression levels of phosphorylated
STAT3 protein and phosphorylated Erk1/2 proteins were clearly elevated 15 minutes and one
hour afier addition of rhIL6, respectively. In contrast, IL-6 had no effect on the expression of
phosphorylated Akt.

[Example 4]

The distance of neural invasion is an important factor in the mode of invasion of
pancreatic cancer. It is essential to create a mouse model for neural invasion that reproduces
neural invasion and allows measuring the distance of neural invasion in order to assess

therapeutic methods for controlling this vital mode of tumor invasion in pancreatic cancer. A



10

15

20

25

30

mouse GAPDH: forward, aaatggtgaaggtcggtgtg (SEQ ID NO: 11); and
reverse, tgaaggggtcgttgatgg (SEQ ID NO: 12). 30 Quantitation was
carried out by the method recommen e7d by Takara Bio. mRNA
knockdown mRNA expression knockdown was carried out using siRNAs
produced by Ambion. The following siRNAs were used: human IL6R
SsiRNA, human gp130 siRNA, and Negative 35Control #1 siRNA. 2 x 105
cancer cells were plated in 3.5-cm dishes. After 48 hours of incubation, 20

neurabigvasisiRNgdelives PrERAOhBFHEFRE TiFadureet 6alkeatdsthaman pancreatic cancer

Capar DhiMaronlovBea crbiadeaddothamelsdAfiesRahaurs Maers eI WIS, the nerves
had ahglgvﬁ%%er gg gt ﬁ%ﬁ? sdltfeotr) I§N &)&%g?sns iond%ﬂea!g Siesrg [: g ! Prﬁg %Iti ! O]fcihe normal
fﬁe‘%eura Invasion modadel. gatlstlcapahaéiy5|s e anaﬁs"is 8 W %n

nerve (Eid dvns SHRIQEpalbyOteestirreehaeubdtipaesicveragecakalies haimjection was
cleml?v@hgaieﬁghmy:mm@ &uﬁ%&%&%@s’gﬁaﬁm M@@_@gﬁfﬁi jrgﬂwﬂ{@ d\€ance was
: standard.devjation, [Ex e e.m e sionof.lL-6a .
T R G ol b U SRS Bt ahon st towardthe
centrahaifer@igcancerivreshaiectsstuivsedetpyméat-tiniborToP GRnéuis loleedion of
humaf SMRAsHiated that the human pancreatic cancer lines express IL6R

MRNA (Fig. 1A) and gp130 mRNA (Fig. 1B). 15[Example 2] Using human

recombinant IL-6, the effects of IL-6 on growth activity, chemotactic
[Exang@dtivily, and migratory activity of the human pancreatic cancer cell lines

werAsaeabatl A JRARIERHNG e Gell:rountavRLJifReH FigSred  8d Rk nerve

. by chemotaxis assay (Fig. 2C), and by wound healing assay (Fig. 2D) . It ,
tissueg R CAPAto (AT G HERRASS B RGBT bOgPaRarpn in nerve
tissuemotivitiescoptiveap siderebitie: dancge sl linEs aadeile the tiiasme effestrahitivesion on
the exﬁ?éksion pattern of IL-6 in nerve tissues, mouse IL-6 (mIL6) mRNA expressed in nerve
tissues on the central and peripheral sides of the neural invasion site in the neural invasion model
was assayed by real-time RT-PCR (Fig. 5B). mIL6 was expressed at a high level in the central
side of the neural invasion site. The high expression was not observed in the other nerve
damage model animals (Fig. 5B). 'When the expression of mIL6 protein was assessed by
fluorescent immunostaining, 1L6-positive granules were found to be present in the same area in
which cells are positive for S100, which is a marker of Schwann cells (Fig. 5C). This shows
that, in the neural invasion model, mIL6-secreting cells include Schwann cells. Meanwhile,
EGF 1s known to be expressed at a high level upon nerve damage. However, the expression
pattern of mouse EGF (mEGF) mRNA was different from that of mIL6, and the mRNA was not
highly expressed on the central side. This finding suggests that IL-6 is closely involved in the

tumer/nerve interaction at the site of neural invasion.

[Example 6]

The expression of phosphorylated STAT3 (pSTAT?3) protein, which is important for the
intracelular signaling of IL-6, in pancreatic cancer cells was assessed by immunostaining. The
expression of phospherylated STAT3 was found to be enhanced on the central side of the neural
invasion site (Fig. 6). This is consistent with the result that the expression of IL-6 is enhanced

in nerve tissues on the central side of the neural invasion site.

[Example 7]
The action of gp130 is essential for the intracellular signaling of IL-6. Using an

SIRNA, gp!30 mRNA expression was knocked down in a pancreatic cancer cell line. When the
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growth. [Example 3] Using human recombinant IL-6 (rhIL6), the effect of

IL-6 on intracellular signaling of 25the human pancreatic cancer Capan-1

cell line was assessed by Western blotgjng for phosphorylated STAT3

(pSTAT3) (Fig. 3A), phosphorylated Erk1/2 (pErk1/2) (Fig. 3B), and

phosphorylated AU (pAkt) (Fig. 3C). The intracellular expression levels of

phosphorylated STAT3 protein and phosphorylated Erk1/2 proteins were

clearly elevated 15 minutes and one hour after addition of rhiL6,
neuraldaatigneRPde aertPsaIEdaHiag We karskdonheslsphssdivanse of neural invasion
was d3oplasap (iiylajed Thicwanle dbws thihgedidtanediefdair abIBEBiNdgaRhose

denvé@ﬁ%ﬁ?ﬂlf facior.indhe mode of i ge %fo 0. of pancreatic cancer. It is

essential to create a mouse mo f neural invasion that reproduces
35neural invasion and allows measuring the distance of neural invasion in
[Exaraptiego assess therapeutic methods for controlling this vital mode of
tumﬁ{ [ g@g §f ncreetl gr A 27.n Hral invasion del w.
oo S e R St e o1

Usmge@psaﬁl‘iﬁe ﬁﬁmwg@ﬁiemewéewkmﬁwermmmm cancer cell line.

- WhedMigereaeglnicallyothadieves hacha-saush suiiareoakdes aite19f URkance of neural

invasion, and trﬁe cI tl th| E than the normal n rverg %ﬁ?
v e B S e B et e Tkl gosenti
for nepyd i HERsERIY longer than the distance of intraneural diffusion of injected

Capan-1, and the distance was increased over time (Fig. 4B). The neural

mYaggon expanded from the injection site toward the central side (Fig. 4C).
characteristics are similar to those of the neural invasion of human

paherdsigiesncetAKOfEbibiiopler B anti-Tihé newmtbirasiodyol haimdannistered to
neuraPRREEEHIG6861G8IRAS Hask: rapered i HRNAYR; PREYE JissHasarquadihe

tumor. Such nerve damages are known to enhance IL-6 expression in
nerve, tissues on the perlpheral S|de of the damage site. To assess the
gessiopdphttera of IL-6 in nerve

tlsqqe?m@uﬁm&o@(?;gﬁ @M@éﬁ%éﬂ?ﬁ%&ﬁﬁ?@ R Bforytaton,

ra i ural jnvasion site i u

was ARG R %&E&&@éilb%; mﬁwlﬂlﬁ%}r@%ﬁﬂf OEFFRTB A0
Solutuexpré%éﬂ\éS@ highdewvebindthys e&mmemamhtbétheuaakMMa&mmﬁmdel 0.5 mg
of AGIDE @Q@%ﬂﬁ%@é‘@@ wBS MOl QRsRRYEL Rdhe PR HRre 43 ?Qg%eeks after

h FE}:C[nals Fltg 5B). When the expressgl{\; of mIL6 protein Was asses

the mepe! rePARTIR R SSERSIAGTVEE B210RRGE GRFHT gellarertbicgteg bere fsolated to
detenmr&éntdmtmleesaﬁmewaémﬁ@wh|dfm:eﬂscarerpbgmup,fthaSlmO\ﬂwsfhmﬁstered
in the AL ASCAWARL FRUS % SDhd A SBPYEmice used was seven in each of the

AG490 and DMSO groups.

Administration of an anti-IL-6 receptor antibody to neural invasion model mice

An anti-IL-6 receptor antibody (tocilizumab; Chugai Pharmaceutical Co.), which
inhibits the human IL-6 receptor, was dissolved in physiological saline. One week after
preparation of the mouse model for neural invasion, the anti-IL-6 inhibitory antibody was
administered to the mice at 5 ug/g twice a week. Three weeks after model preparation, the
sciatic nerves into which cancer cells were injected were isolated to determine the distance of
neural invasion. For the control group, human IgG (Sigma) dissolved at 5 pg/g in physiological
saline was administered in the same manner as described above. The number of mice used was

six in the anti-IL-6 receptor antibody group and four in the control group.

Statistical analvsis
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that, in the neural invasion model, mIL6-secreting cells include Schwann

cells. Meanwhile, EGF is known to be expressed at a high level upon

nerve damage. However, the expreSS|9§1 pattern of mouse EGF (MEGF)

MRNA was different from that of mIL6, and the mRNA was not highly

expressed on the central side. This finding suggests that IL-6 is closely

involved in the 25tumor/nerve interaction at the site of neural invasion.

he expression o horylated STAT3 (pSTAT?3)

pro YEFF ROTRBET s RSt & g%lé%&gﬁgﬁﬁj@fgﬂf@% bgtween average
vaiuepamsr@aﬂuawhbglt\&emdﬁ/é@adsa%&mby Enrorivostainhedidires 3dicate the standard
deviaB¥Rpression of phosphorylated STAT3 was found to be enhanced on the

central side of the neural invasion site (Fig. 6). This is consistent with the

resUIPIRAY HEAESBHEE BFFEPR 06 GansrhsiTted HBrdirdsinbibis 1 (Janus
KinaseptitatbbickplofrtieteseRiTAllh ¢asiotiadifer {Eﬁ(ﬂﬁﬂ@i@lﬂﬂiaﬁr&]’é@@ﬁ@ on 0f-gpdsd
mtrapb?zméﬂﬁﬁkﬁeﬁg%%%u lﬁigsfgp?fr&g Qf I8 rgf.ugléad] i3 '&E@fﬁ%on of neural

MRNA }%égre35|on was kn own | a pancreatic cancer
nvasig{Eiegni bg Bt APFPE SR et dEsapred Addv sk atrrse el pignals
downgettanthldistarcesafmiatfat inrasicavadsmdecreased (Fig. 7). This result

shmﬁaﬁﬁg %@&&? ms%%&%daﬁxrqglgc%g%' ding, th%@g de“V%d oM 7% receptor

are essential for neural invasio Xam é ac 1on O

anti %éﬁﬁoﬂ@@ﬁﬁe@%ﬁﬁtﬁaﬁﬁﬁhﬁ@ Wfpa‘bféﬁmép dndvbiliteatction Oﬂlstni@aariL -6.
This reiRA, iH GRpRIRIbA eRpEGSHI DN MasHKIFDE kgl dOWﬁhérﬁﬁd?ﬁ‘Q %@%&Qﬁ%@feurai
mvaszég H"ﬂ in: pg%y?g i€ ural mvasm&jlrg(%dg Ibwﬁ‘% AL ﬁred ujég% eracagtéar gimbody

nockdown Stance of neura asion Was d

This result shows that S|gnals mediated by IL-6 are essential 10for neural
Indusmmasmidﬁx@gple 9] Furthermore, a JAI( inhibitor or an anti-IL-6

recepior an was dm|n| to neurgl.invasion model mice to

asi‘%e{:)séj the & Tlr) otf)fﬁese nh %%8?3 B RETAL IhoAaB A P;?%nﬁ\ FHisiSansRE fan be
suppr%ﬁ%dmtﬂmm&@ﬂ&gﬁé@&lﬁvés‘wmdenm THerdreninhibitora@406hown
that pdSefddBlQendENInWbicBaRRBIa SRR RN AR Mas Higaalygd in

DMSO, and then diluted with physiological saline to prepare an A049

solution in 1% DMSO. From two days after preparation of the neural

invasion model, 0.5 mg 200f AG490 was administered into the peritoneal

cavities of the mice every day. Two weeks after the model preparation, the

sciatic nerves into which cancer cells were injected were isolated to

determine the distance of neural invasion. For the control group, 1%

DMSO was administered in the same manner as described above. The

number of mice used was seven in each of the A0490 and DMSO groups.
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25 Administration of an anti-IL-6 receptor antibody to neural invasion
model mice An anti-IL-6 receptor antibody (tocilizurnab; Chugai
Pharmaceutical Co.), which inhibits thgduman IL-6 receptor, was
dissolved in physiological saline. One week after preparation of the mouse
model for neural invasion, the anti-IL-6 inhibitory antibody was
30administered to the mice at 5 nig twice a week. Three weeks after
model preparation, the sciatic nerves i Igﬁy]hich cancer cells were injected
were isolated to determine the dist eural invasion. For the control
group, human IgG (Sigma) dissolved at 5 pg/g in physiological saline was
1. AnageHpistarestinthe.sAme MARBE A8 GeSHPRS 8RR Yo ABGMBAE! Bfinhibitor as an
activaaice gfed was six in t_he_ anti-IL-6 receptor antibody group and four in the
CORo 8%up. 35 Statistical analysis 29 The analysis software used
was STATVIEW 5.0. The difference between average values was
2. An@yRiHated P RErSIdeG RGNS I3 BIOLRAE MG B RS indicai8 il as an
. Standard deviation. From two days after injection of cancer cells, AG490,
acuv%ﬁ%ﬁa‘rqﬂfbits JAK (Janus 5Kinase) that phosphorylates STAT3 essential
for the intracellular signaling of IL-6, was intraperitoneally administered
3. ThEYERM RN davs, Jiisestied.iniSHRRESRSIPD OfekEalinvasion
(Fi1g. 9A). This finding shows that JAK and STAT which are intracellular
signals downstream of IL-6 are essential for neural invasion. Meanwhile,
4. Thédrarenoné cheml3aftéidhjagiionseécancel tetsi@éntpditnearc tabdacaptor
10antibody was administered twice a week for two weeks to inhibit the
action of human IL-6. This resulted in suppression of neural invasion (Fig.
3- ThepeentRiami ARG thaleines toat ntich MOBKISIPORHRUR AR pripBrBdke contral
directzancer was inhibited by the anti-human IL-6 receptor antibody. Industrial
Applicability 15The present inventors demonstrated that neural invasion of
pancreatic cancer can be supgessed by administering an anti-IL-6

6. The agendof amtipBag! Paipeinfore harsRahsd sHonhibiar fanerbatioeaiheébinds to an
IL-6 reaapioe. treated by administering an anti-IL-6 receptor antibody.

7. The agent of claim 6, wherein the IL-6 inhibitor is an anti-IL-6 receptor antibody.

8. The agent of claim 7, wherein the anti-IL-6 receptor antibody is a chimeric, humanized, or

human antibody.

9. A method for treating pancreatic cancer, which comprises the step of administering an IL-6
inhibitor to a subject.

10. A method for suppressing neural invasion of a cell, which comprises the step of

administering an IL-6 inhibitor to a subject.
11. The method of claim 10, which suppresses neural invasion of a cancer cell.
12. The method of claim 11, which suppresses neural invasion of a pancreatic cancer cell.

13. The method of any one of claims 10 to 12, which suppresses neural invasion in the central

direction.
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30 CLAIMS I. An agent for treating pancreatic cancer, which comprises an
interleukin 6 (IL-6) inhibitor as an active ingredient. 2. An agent for
suppressing neural invasion of a cell, g/ ich comprises an IL-6 inhibitor as
an active ingredient. 3. The agent of ¢laim 2, which suppresses neural
invasion of a cancer cell. 4. The agent of claim 3, which suppresses
neural invasion of a pancreatic cancer cell. 5. The agent of any one of
claims 2 to 4, which suppresses neural invasion in the central direction. 6.
14. Thewethed obrangwsnel lamsidol 1 shasirahs fhed inbiibitor sebstance that binds
to an Hulsstapggdinat binds to an IL-6 receptor. 7. The agent of claim 6, wherein
the IL-6 inhibitor is an anti-IL-6 receptor antibody. 8. The agent of claim 7,
wherein the anti-IL-6 receptor antibody is a chimeric, humanized, or
15. Tlpmmeth@mﬁéayn§4Awheltﬁad%I&ré&ﬂh@lﬁaﬂéreaﬁatbéwewmmehanﬁbody
comprises the step of administering an IL-6 25|nh|b|tor to a subject. 10. A
meth d for ing neural inv n.of a ce Wh ch,comprises the
6. T B e TG RS SR ppmanices
or hu@mimnmodbhlch suppresses neural invasion of acancercell.  12.The
method of claim 11 which suppresses neural invasion of a pancreatic
can method of any one of ¢ 0 to 12, which
17, UG RE R gL iR 0 o RS Sh Ak Bre 4 A EHArd et
of any one of claims 9 to 13, wherein the IL-6 inhibitor is a substance that
18. URIRAA B Hx1GuRceniate drodligdh %mpagéﬁmsﬁﬂpﬁ@%ﬁ%'ﬂeﬁﬁ%ﬂhf@asion ofa
inhibitor is an anti-1L-6 receptor antibody. 16. The method of claim 15
wherein the anti-1L-6 receptor antibody is a chimeric, humanized, or
human antibody. 17. Use of an IL-6 inhibitor in the production of an agent

19. THOLUESHBRRANE GAlcHRNERl ARablSk Of Al iy 'i’é%ﬂﬂr&@?ed

production of an agent for suppressing neural invasion of a cell

cell.

20. The use of claim 19, wherein neural invasion of a pancreatic cancer cell is suppressed.

21. The use of any one of claims 18 to 20, wherein neural invasion in the central direction is

suppressed.

22. The use of claims 17 to 21, wherein the IL-6 inhibitor is a substance that binds to an IL-6

receptor.
23. The use of claim 22, wherein the IL-6 inhibitor is an anti-IL-6 receptor antibody.

24, The use of claim 23, wherein the anti-IL-6 receptor antibody 1s a chimeric, humanized, or

human antibody.

25. An IL-6 inhibitor for use in a method for treating pancreatic cancer.

26. An IL-6 inhibitor for use in a method for suppressing neural invasion of a cell.
27. The IL-6 inhibitor of claim 26, which suppresses neural invasion of a cancer cell.

28. The IL-6 inhibitor of claim 27, which suppresses neural invasion of a pancreatic cancer cell.
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19. The use of claim 18, wherein neural invasion of a cancer cell is
suppressed. 20. The use of claim 19, wherein neural invasion of a
pancreatic cancer cell is suppressed. ,21. The use of any one of claims 18
to 20, wherein neural invasion in the central direction is suppressed. 20
22. The use of claims 17 to 21, wherein the IL-6 inhibitor is a substance
that binds to an IL-6 receptor. 23. The use of claim 22, wherein the IL-6
inhibitor is an anti-IL-6 receptor antibody. 24. The use of claim 23,

29. ThgHérbiminbiton o p0g RSt ERRBE &Y %a@ﬁﬁhéﬁ@pﬁﬁ%ﬁ%ﬂ, igyasion in the

centrdddirami@ntibody.  25. An IL-6 inhibitor for use in a method for treating
pancreatic cancer. 30 26. An IL-6 inhibitor for use in a method for
suppressing neural invasion of a cell. 27. The IL-6 inhibitor of claim 26,

30. ThgHietd slppresdane aps ahokuivh or g ednvdicrin. tbs Mg 6Tinbinii® kkiskbstance
that bRkielainnaT -shiekpaippresses neural invasion of a pancreatic cancer cell.
32 29. The IL-6 inhibitor of any one of claims 26 to 28, which suppresses
neural invasion in the central direction.  30. The IL-6 inhibitor of any one
31. Thsr Biirihitstes obclaineséirmain hinHibitormdiaub smaroe Bitforasirdertentibody.
an IL-6 receptor. 31. The IL-6 inhibitor of claim 30, wherein the IL-6
inhibitor is,an anti-IL-6 receptor antibody. 2. The IL-6.inhibitor qf claim
R e A e R G e e e

humarigpdapr dwisgntibody.



